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PURPOSE. 


It has long been recognized that there are direct relations between 
the specific gravity, or density, of a wood and its strength properties. 
By the analysis of over 200,000 tests, the Forest Products Laboratory, 
conducted in cooperation with the University of Wisconsin, Madison, 
Wis., has now definitely established these relations. It is the pur- 
pose of this bulletin to state these relations and to put the expression 
of them in such form as to render them easily useful (1) for estimating 
the properties of any particular timber; (2) for selecting timber for 
any given purpose; (3) for comparing the various species; and (4) for 
determining in what way the species are exceptional and to what uses 
they are best adapted. 

it has usually been assumed that the strength of wood varies 
directly with the first power of its density; i.e., that the respective 
strengths of two sticks would differ in the same proportion as the 
densities. It was recognized that fiber stress at elastic limit in com- 
pression perpendicular to the grain, or bearing strength on side 


1 Accurate determinations madeat the Forest Products Laboratory on seven species of wood, including 
both hardwood and coniferous species, showed a range of only about 44 per cent in the density of the wood 
substance, or material of which the cell walls are composed. Since the density of wood substance is so 
nearly constant, it may be said that the density or specific gravity of a given piece of wood is a measure 
of the amount of wood substance contained in it. 
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surface, and work values in static bending or toughness, deviate very 
erratically from this relation; but the relation was supposed to hold 
especially true in the case of such properties as modulus of rupture, 
or maximum bending strength, and strength in compression parallel 
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to the grain, or strength as a column. It has also been supposed that 
the relation applied between pieces of the same species, between pieces 
of different species, and betweenZaverage results of strength tests.on 
different species. A study of the data at present available, which are 
derived from a much larger number of tests and which cover a greater 
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range in specific gravity and strength values than was true of the data 
spills heretofore, made it evident that these assumptions were 
inaccurate and that there was a better and more correct method 
expressing the actual relations between specific gravity and strength, 
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In order that the relation between specific gravity and each of the 
various mechanical properties of wood may be easily put to practical 
use, the relation, both for green and for air-dry material, is given in 
fhe form of an equation (Table 1) and, in addition, in the fon of a 
curve (figs. 1 to 4). 
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SPECIES-LOCALITY AVERAGES. 


The specific-gravity relations given in this bulletin are derived from 
a study of what may be called ‘‘species-locality’’ averages; that is, 
each average represents tests of material of one species from one 
locality. 

There are two principal reasons for using ‘‘species-locality”’ aver=- 
ages In preference to the results of individual tests. First, the number 
of individual tests is quite large, amounting in some instances to as 
many as 900 from a single ‘‘species-locality’’, so that an immense 
amount of work is saved by the use of the ‘‘species-locality”’ averages; 
second, if individual tests were used, the ‘‘species-localities’’ having 
larger trees or a larger number of trees would include a larger number 
of tests and would have undue weight in determining the relations. ; 

The method of analysis used is applicable also to individual tests 
from a single species to determine the specific gravity relations within 
that species. It has been applied to a few of the properties of some 
of the more important species which are used for structural timbers 
where there was a rather large number of test pieces and a con- 
siderable range in specific gravity. 


DETERMINATION OF SPECIFIC GRAVITY. 


Specific gravity of wood, as used herein, is based on the volume of 
the specimens when tested (green or air-dry) and their weight when 
in an oven-dry condition; that is, it is the ratio of the weight of the 
specimen of wood, oven-dry, to the weight of a volume of water equal 
to the volume of the specimen at the time of test. Because of the 
shrinkage which takes place in wood when it is dried, this figure is 
not the true specific gravity of a piece of oven-dry wood. The 
method, however, is easily applied to each specimen tested, and is 
the standard method of the Forest Service for the determination of . 
a specific-gravity figure for use in studying the properties of wood. 


MOISTURE CONTENT OF TEST SPECIMENS. 


Both green and air-dry specimens were used in the tests, and the 
relations between specific gravity and strength were determined 
separately for green and air-dry wood. Variations in the moisture 
content of wood have no effect on its mechanical properties so long 
as the wood is thoroughly green; they have considerable influence on 
these properties, however, as soon as the wood becomes air-dry, or 
partially air-dry. Accurate comparisons can not be made between 
the properties of two lots of air-dry specimens unless they were tested 
at the same moisture content or adjustments made i in the strength 
figures for difference in moisture content. 
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The moisture content of the air-dry material at the time of test 
varied from 8 to 18 per cent. Modulus of rupture and maximum 
strength in compression parallel to the grain were adjusted to a 
moisture content of 12 per cent before determinations of the relation 
of these properties to the specific gravity wasmade. This adjustment 
was possible because the laws governing the variation of these prop- 
erties with varying moisture content are fairly well established. 
However, in the case of the other strength functions their variation 
with Varying moisture content has not been studied in detail and no 
such adjustment is possible with any very great degree of accuracy. 
Consequently, the actual moisture content values as obtained from 
tests have been used in the determination of the relation of these prop- 
erties to specific gravity. 


THE EQUATIONS. 


Table 1 and figures 1 to 4 give equations which represent the 
average relations between specific gravity and each of the mechanical 
properties. All the ‘‘species-locality’’ averages available on any 
particular property were considered in deriving the equations for 
that property. The number of ‘“‘species-locality’’ averages from 
which an equation is derived varies from 84 to 178.. This variation 
is due to the fact that several of the tests were not used in some of 
the earlier testing work and to the fact that tests have not yet been 
completed on air-dry material for all of the ‘‘species-localities”’ listed. 

Table 1 gives first the equations for shrinkage and for each of the 
strength properties of green and air-dry wood in terms of the specific 
gravity. These equations, as explained in the appendix, are reduced 
to a simple form; and the powers of gravity used are such that the 
equations may be solved by arithmetical operations and without the 
use of higher mathematics. However, to simplify even further the 
use of the equations, figures 1 to 4 have been prepared for their solu- 
tion. Hach of the curves shown in these diagrams represents the 
equation connecting specific gravity and one of the properties of 
wood. The curves representing the equations for radial, tangential, 
and volumetric shrinkage appear in figure 1(a). . In each of the other 
figures, 1(b) to 4(d), appear two curves for some one mechanical 
property. One of these curves is for green and the other for air-dry 
material. If the specific gravity is known, the equation value for 
any one or all of the properties of the wood in question may be readily 
determined from the curves without computation. 

The second portion of Table 1 gives what may be termed a measure 
of the accuracy of the respective equations. It is not to be expected 
that all the “species-locality” averages will satisfy the equation 
exactly or even very closely. Some of the properties are more 
erratic than others, so that one ‘“species-locality’’ may far exceed 
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the equation values and another “species-locality” fall far below 
them. 

In figure 5 are plotted the curves of the equation for modulus of 
rupture in static bending in green material, M=18500 4/g°, and of 
the equation for the same property in air-dry material, M= 26200 4/e°: 
In order to give a graphical idea as to the reliability of these 
equations, the specific gravity and the modulus of rupture of each 
‘“‘species-locality’’ have been plotted asa point. The reference num- 
ber placed near each plotted point is assigned to the ‘‘species-locality”’ 
in the order of its respective specfic gravity as determined from 
compression parallel to grain specimens of green wood. In figures 
6, 7, and 8 the data are given for the curves on shrinkage in volume 
from green to oven- dry condition, maximum crushing strength in 
compression parallel to grain, and fiber strength at elastic limit in 
compression perpendicular to grain. 

Under each property is listed in this second portion of Table 1, for 
both green and air-dry conditions, those percentages of the equation 
value above which were one-tenth of the ‘‘species-localities.’”? Simi- 
larly, there are listed those percentages above which were one-fourth 
of the ‘‘species-localities,”’ those below which were one-fourth, and 
those below which were one-tenth. For instance, in static bending 
(green), one-tenth of the ‘‘species-localities”’ tested had a modulus of 
rupture of more than 114 per cent of what the specific gravity equation 
indicated they should have had; one-fourth of them had a modulus of 
rupture greater than 108 per cent of the equation value; one-fourth 
of them less than 91 per cent of the equation value; and the lowest 
one-tenth had a modulus of rupture less than 84 per cent of what the 
equation indicated they should have had. It follows from these 
figures that one-half of the “‘species-localities” had a modulus of 
rupture of between 91 per cent and 108 per cent of the value given by 
the equation, and that the other one-half were evenly divided between 
those that were more than 108 per cent and those that were less than 
OU Perrcent. 

The third portion of Table 1 gives the actual value of each property 
for each ‘‘species-locality’”’ as determined by the tests, expressed as a 
percentage of the value computed from the specific gravity by the 
use of the equation at the head of the column. For instance, it is 
found from the table that air-dry Biltmore ash has a modulus of 
rupture 98 per cent as great as that of the average wood of its specific 
gravity, the modulus of rupture of the average wood of this specific 
gravity being the figure given by the equation. These percentages are 
given for both green and air-dry wood. 
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HARDWOODS. 
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Species. Locality. au Species. Locality. . awe 
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shi o1 io 152 
60 Do. ral 143, 
70 Do. West Virgi 153 
99 Water Mississipp 141 
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- 
Ds 158 
33 162 
23 oy 
20 128a 
12 66 
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110 58 
98 Pennsylvani 69 
Wisconsin. 92 
73 56. 
129 Ne 
, 107 ‘ 
eels : 103 124 
Buckeye, yéel 9 125 
Buckthorn, case Sda an 
27 California black 80. 
Butternut 3 Canyon live 163 
46b 121 
133 
Pennsylvania 72 116 
‘Tennessee. 24 130 
Maryland - 46 137 
‘Tennessee. 40 ¢ 119 
Washington. 6 Indiana 118 
‘Tennessee- 59 Louis 7 
‘Tennessee. 97 
151 Louisiana 94 
125a ae: ‘on 142 
Elde "3 69a ow land Spanis! 
ame Swamp white... 150 
Cork......-..----| Wisconsin,  Mara- 126 Tanbark. 115 
thon County. i 
Waoscassss Wisconsin, Rusk 120 Arkansas. 132 
Count; Indian: 138 
Indiana. -| 102 Lousiana, Richland| 136 
Wiscons: = 74 P 
Benner yan -| 55 Winn | 131 
a 53. 
-| 165 Willow -- Lonisiana 109 
Yellow- Aa KOnSOS! 122 
| 68 Do- 105 
California - 147 Osage orange - = 164 
Poplar, yellow (tulip 35 
-| Louisiana 76 tree). 
Missouri . 54 |) Rhododendron, great 85 
Indiana. 4 90 || Sassafras. ...- 61 
i 78 Serviceberry-. 156 
146 || Silverbell tree. 49 
Sourwood-.. 89 
-| 185 |] Sumac, staghorn. 61 
-| 154 |] Sycamore. 63 
Bitternut 4 139 10. 65 
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-| “69 |) Willow: 
4 5) 11 
«| 412 43a 
=|| 148 i4 
: 157 
Pennsylvan: -| 160 
West Virginia. leer 
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| Pine—Continued, 
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Do. 10 Dooecoscoy Montana, Jefferson 40a 
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Cypress, bald 62 34 
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0. Oregon... -| 67a Louisiana, Lake 113 
Wietiectioln, Che- 46a Charles. 
alis County. Louisiana, Tangipa- 96 
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County. -| Mis 95 
Washington and 67 Norway- : 57 
Oregon. Pitch: 6 71 
| Wyoming........... 48 Pond | 86 
Shortle: -| Arkan 77 
-| Colorado. 4 Sugar. . -} Califorr 22 
Oregon... 39 Table Mountain.) Tennes: 82 
Washington, 18 Western white...| Montana 42 
Wisconsin. 14 Western yellow 19 
Montana. 36 Western. 387 
16 Do 41 
V7 Do : 32 
White. dl 25 
aT, Bere e 28 
52 -| California, Korbel... 13 
15 | Spruce: 
60 | Engelmann...... Colorado, Grand 8 
84 | County. 
64 | WM o5es25 54 Colorado, San 3 
Miguel County. 
127) | .| New Hampshire 44 
aa P Plennassaas = 29 
White- : 
Loblolly. 88 Do ‘l/syiveonsineoeee 38 
od EenD 1s Colors a UNECE 81 
PIICOROD m8, 5a Yew, Wi 
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Fic. 5.—Relation of modulus of rupture in static bending to specific gravity. 
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Fic. 6.—Relation of shrinkage from green to oven dry conditions to Specific gravity. 
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Fig. 7.—Maximum crushing strength in compression parallel to grain to Specific gravity, 
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RELATION OF SHRINKAGE, ETC., TO SPECIFIC GRAVITY. 9 


APPLICATION OF THE EQUATIONS. 


Additional data may possibly necessitate the making of some slight 
changes in the equations given in Table 1 and the diagrams. How- 
ever, for comparing species and for determining the best utilization 
of timber, the value of the equations as they are now is not affected 
by this possibility. It is to be expected that among a large number 
of species of widely different structure many will be found which do 
not satisfy very accurately the average equations connecting the 
various properties with specific gravity. It is often this variation 
from an average relation which determines the usefulness of a species 
for a special purpose. 

As an example of the use to which the table and diagrams may be 
put, suppose it is desired to obtain the strength in compression par- 
allel to the grain of a piece of green hemlock (eastern) grown in the 
southern Appalachian region. Its specific gravity may be deter- 
mined by any one of several means which may readily be devised, 
and we will say that it is found to be 0.38. In the table, the ‘‘species- 
locality” which is probably most nearly representative of the region 
in question is the eastern hemlock from Tennessee, and of this the 
maximum crushing strength is 29 per cent above the average for 
woods of the same specific gravity. To find what an average wood 
of a specific gravity of 0.38 will stand in compression parallel to the 
grain, we solve the equation C=6,900 x 0.38, or turn to figure 1 and 
read from the curve a maximum crushing strength of about 2,600 
pounds per square inch. But since the compressive strength of the 
Tennessee hemlock was 29 per cent high, it is reasonable to expect 
that the timber in question will also run about 29 per cent high, or 
that the value would be about 3,300 or 3,400 pounds per square inch 
(2,600 x 1.29=3,354). Any of the other properties of the hemlock 
under consideration may be estimated in a similar manner. 

Again, suppose it is desired to obtain a wood for a use which 
requires that it be very strong for its weight in its ability to resist 
a splitting force. Tension perpendicular to grain is the best measure 
of this. By lookmg down the column, ‘“Tension, surface of failure 
radial,”’ it is found that in ability te resist such a force, yellow buck- 
eye is 17 per cent stronger when green and 120 per cent stronger 
when air-dry than is the average wood of the same specific gravity. 
*It would appear at first that yellow buckeye is the most desirable 
wood for the purpose, but there is another consideration to be taken 
into account. Tension perpendicular to the grain varies with the 
square of the specific gravity; and it must be remembered that those 
properties (such as tension perpendicular to grain, hardness, work 
values, and compression perpendicular to the grain) which vary with 
the higher powers of specific gravity show a large increase in strength 
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with a comparatively small increase in specific gravity. For instance, 
a wood with twice the specific gravity of another would be expected 
to have four times as much strength in tension. Yellow buckeye is 
a very light wood and woods of more than double its specific gravity 
may easily be found. Such woods, even though they may run some- 
what less in tension strength than the average wood of their weight, 
may have a tension strength considerably in excess of that of yellow 
buckeye. Thus, the red oaks, having a specific gravity of about 
twice that of yellow buckeye, are several times as strong in tension 
perpendicular to the grain, although they are very little above the 
average wood of their weight in this respect. 

It may be seen from these examples that in comparing different 
timbers or species, in estimating their various properties, and in find- 
ing species with exceptional strength in some properties which may 
render them valuable for special uses, a knowledge of the specific- 
gravity strength relations is a valuable aid. It must be borne in 
mind, however, that such equations can never take the place of 
tests of species whose properties are unknown. If any particular 
mechanical property is known, the specific gravity may be approxi- 
mated and the other properties estimated; even the properties of 
woods upon which no test data are available can be estimated with 
a fair degree of accuracy from the results of specific gravity determi- 
nations. Nevertheless, it is apparent from a study of the table and 
diagrams that no one kind of test can replace a complete series of 
tests. 


APPENDIX. 


METHOD OF DERIVING EQUATIONS. 


In plotting the various points to a natural scale (i. e., the shrinkage or a given 
mechanical property vs. specific gravity) it was found that in many cases they arranged 
themselves in the form of a curve, or if their trend was along a straight line, this line 
would not pass through the origin. Assuming that the function should pass through 
the origin, i. e., that a piece of wood of zero weight or specific gravity should have 
zero strength, it was found that in practically every case a curve of the form f=pG” 
(where f is the strength value, G the specific gravity, and p and n are constants) 
would fit the points quite well. This equation is the general equation of the parabola 
of the nth degree passing through the origin. 

In order to simplify the determination of the proper values for the constants p and n 
the equation was transformed into the logarithmic form, log f=log p+n log G. This 
equation represents a straight line having its slope equal to and its intercept on the 
y axis equal to log p. Consequently, to find the constants p and n it is only necessary 
to plot log f against log G on ordinary cross-section paper and find the straight line 
which best averages the points; then n and log p are determined from the slope and 

-intercept of this line. 

To find the straight line which best averages the points in the logarithmic plot the 
following plan was adopted: 

By successive trials the parallel lines BB and CC (see fig. 9) were so located that 25 
per cent of the points were above BB and 25 per cent were below CC and at the same 
time the vertical distance between the two was a minimum. ‘Two lines (not shown 
on the figure) were then drawn as follows: Both parallel to BB and CC, one bisecting 
‘the distance between them and the other in such a position that 50 per cent of the 

“points were on each side of it. AA was then drawn midway between these two lines 
and assumed to be the line which best averages the points and best represents the 
relation between specific gravity and the strength property in question. This method, 
“as can readily be seen, is very likely to produce values of 2 such that the nearing 
‘equations can not be mandled without the use of logarithms. As the slope of the 

lines could in most cases be varied through a considerable angle without appreciably 
affecting the distance between the lines BB and CC, the slope was so taken that 
n would be a fraction with the denominator 1, 2,3, or 4. The solution of the equation 
is then possible by using the rules for the extraction of square and cube roots. When- 
ever it happened that more than one direction of the lines BB and CC fulfilled the 
conditions outlined above, preference was given to that slope which would simplify 
the form of the equation. The constant p was changed at the same time, so that the 
new line A‘A! passed as nearly through the center of gravity of the points as possible. 

The analytical process known as the ‘‘method of least squares”’ can be applied to 
determining the mathematical relations between two properties of a substance as 
ascertained from experimental results. This method was used in one or two instances 
to determine the specific gravity strength relations; but it was found that the long 
and refined computations essential to the application of this method to so large a 
number of tests was not justified by the added accuracy of the final determinations. 
Especially is this true since it is desirable to obtain n to the nearest 0.125 only, and 
since undue refinement in the value of the constant p is unnecessary in view of the 
fact that there is a considerable variation of actual results from the values given by 


any equation which may be derived. 
11 
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Taste 1.—Hguations and variations—S pecific gravity, shrinkage, and strength relations based on tests of small clear pieces, green and air-dry. 
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CHARACTER OF THE REGION. 
LOCATION. 


The southern part of the State of New Jersey, lying south of the 
line of the Pennsylvania Railroad between Trenton and New Bruns- 
wick and comprising about 4,400 square miles, is a compact area 
within which the climatic conditions, the agcessibility to great 
markets, the means of transportation to those markets, and the skill 
and industry of the agricultural population are sufficiently uniform 
to afford an unusual opportunity for the study of the influence of 
the character of the soil upon the production of farm crops. ; 

This region lies between the Atlantic Ocean and the Delaware 
River and Bay. Its southern extremity is in latitude 38° 55’ N. 
and its northern border extends to latitude 40° 30’ N. It includes 
all of the counties of Monmouth, Ocean, Burlington, Camden, At- 
lantic, Gloucester, Salem, Cumberland, and Cape May, and the 
southeastern portions of Middlesex and Mercer. 

47659°—18—Bull. 677—1 


2 BULLETIN 677, U. S. DEPARTMENT OF AGRICULTURE. 


The total land area of this region is 2,833,840 acres. _The United 
State Census for 1910 shows that 1,311,244 acres are included in farms 
and that 880,755 acres are classed as improved farm lands.t 


CLIMATE. 


The climatic conditions which prevail in this region are sum- 
marized by the Weather Bureau in “Summary of Climatological 
Data, Section 99—The Southern Interior and Sea Coast of New 
Jersey.” This summary shows that precipitation during the grow- 
ing season is adequate for the production of normal crops and that 
the interval between killing frosts in spring and fall is normally 
sufficient to mature all of the general farm crops and the majority 
of the vegetables and fruits. The climatological tables also indicate — 
that the conditions prevailing over the region are so uniform that 
no locality or section is especially favored over others. The more — 
important climatic facts are summarized in the chart, figure 1. It 
would appear from this chart that, so far as climatic conditions are 
concerned, agriculture might be uniformly developed over the entire 
region. 

MARKETS. 

Tt will be seen from the chart, figure 2, that the entire region 
is favorably located with respect to the metropolitan district of 
New York, which, in 1910, possessed a total population of 6,630,559 
and to the metropolitan district of Philadelphia, which possessed a 
population of 2,015,560 at that time. The extreme distance from 
the most remote point in southern New Jersey to New York City 
is a little less than 130 miles, and it is less than 75 miles to Philadel- 
phia. Railroad communication is unusually well developed and a 
good system of highways tends to place all portions of the region 
in easy communication with the great market centers. 


AGRICULTURAL POPULATION. 


Southern New Jersey was originally settled about 275 years ago 
by agricultural peoples from the various countries of northern 
Europe. During the intervening period agriculture has been de- 
veloped along lines suited to the broader local needs and to meet 
the specific requirements of the separate localities. Owing to the 
existence of great near-by markets agriculture has experienced 
a notable degree of specialization to meet market demands, and 
experience has generally developed the use to which the different 
soils of the region may best be put under the existing conditions 
of demand for farm products. 


1U. S. Census, 1910, yol. V, Agriculture, p. 740. 
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Fic. 1.—Rainfall zones and isotherms, summer season. 
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PHYSICAL FEATURES. 


The general surface features of southern New Jersey may be 
described as those of a gently sloping plain of low relief which is 
marked by a ridge extending from the Atlantic coast line near 
Sandy Hook to the vicinity of Delaware Bay, near Bridgeton, N. J. 
(See fig. 3, p. 6.) From this ridge the land surface slopes 
unequally toward the southeast and toward the northwest. The 
former slope frequently is at the rate of less than 5 feet to the mile, 
but the latter usually is greater and frequently is accomplished by_ 
steeper slopes intervening between areas which are gently sloping or 
nearly level. It is estimated by the New Jersey Geological Survey 
that less than 15 square miles of the section rise above an altitude 
of 200 feet and that not more than 120 square miles rise above 100 
feet in elevation. 

One of the marked features of the region is the presence along 
the shores of the Delaware River and Bay of a lowland or terrace 
of varying width which rises gently to an elevation of 40 to 50 
feet. In places this lowland is not more than 2 or 3 miles broad, 
though in others it expands to a width of 10 or 12 miles. It is 
usually bounded, inland, by steeper slopes, rising to the watershed 
or to more elevated areas of gentle slope. 

A very large proportion of the entire area is nearly level or but 
gently sloping, and it is only over restricted areas that the surface 
slope is too great or that the land is too broken to allow tillage. 


SOILS. 


Practically all of the soils of the region have been derived from 
unconsolidated sands, loams, clays, and marls. Only in scattered 
localities has there been any hardening of the material into cemented 
masses of sand and gravel, or, as they are locally known, “ ironstone.” 
Some gravel occurs throughout the region, either in beds underlying 
the soils or scattered in varying amount through the soil and subsoil. 

There is a sufficient variety in the soil-forming material to give 
rise to a number of distinct soil types and séries. These have been 
mapped and described in the soil surveys which have been made in 
the region, and a detailed account can be found in the different 
reports. Therefore only a brief summary of the different soil series 
will be given. ; 

_ Lakewood series.—The surface soils of the types in the Lakewood 
series are white in color and the subsoils orange yellow. The series 
occupies rolling to nearly level uplands in the Atlantic slope and 


1 Wield Operations of the Bureau of Soils, 1901, Soil Survey of the Salem Area, N. J.; 
idem, 1902, Soil Survey of the Trenton Area, N. J.; idem, 1913, Soil Survey of the Free- 
hold Area, N. J.; and idem, 1915, Soil Survey of the Camden Area, N. J. 
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drainage is in many places excessive. The Lakewood sand, fine sand, 
and gravelly sandy loam have been mapped. The soils of this series 
are cultivated to only a small extent. 

Sassafras series —The surface soils of the Sassafras series are dis- 
tinguished by a brown or yellowish-brown color and the subsoils are 
a deep yellow or reddish yellow. In many places a distinct bed of 
gravel or of coarse sand and gravel underlies these soils at a depth 
ranging from 24 to 5 feet below the surface. The series is found in 
all parts of southern New Jersey, in somewhat scattered occurrences 
in the Atlantic slope, but especially well developed along the Dela- 
ware River and in the plain which extends between Trenton and 
New Brunswick. Most of the types in this series are well drained. 
The types of the series include the Sassafras coarse sand, sand, loamy 
sand, fine sand, gravelly sandy loam, coarse sandy loam, sandy loam, 
fine sandy loam, and loam. 

Collington series——The surface soils of the Collington series 
usually have a rather dark brown color and the subsoils are of a 
yellowish to greenish brown. The series is marked by the presence 
of glauconite or greensand in the subsoils. It occurs chiefly along a 
narrow belt extending southwestward from the vicinity cf Atlantic 
Highlands nearly to Salem. This belt varies from 1 or 2 to nearly 
15 miles in width. It is not entirely occupied by soils of the Colling- 
ton series. The surface features of the soils of this series are varied, 
ranging from gently sloping or nearly level to distinctly hilly and 
broken. Probably 60 per cent of the area of these soils is sufficiently 
level to meet the requirements of cultivation. Drainage is well estab- 
lished over the greater part of the soils of the series, being defective 
only in the case of the heavier soils. The series includes the Colling- 
ton sand, loamy sand, sandy loam, fine sandy loam, gravelly loam, 
loam, clay loam, and clay. The sandy loam and fine sandy loam are 
most extensive and of greatest importance agriculturally. 

Colts Neck serics—The soils of the Colts Neck series are char- 
acterized by the brownish-red to dark-red color of the surface soils 
and by the bright to deep red color of the subsoils. They occur 
typically in the hilly to undulating areas of the marl belt and are 
well drained and easily tilled where the surface slope is not too 
great. The series includes the Colts Neck gravelly sand, loamy sand, 
sandy loam, fine sandy loam, and loam. 

Norfolk series.—The soils of this series are marked by the prac 
color of the surface soils and by the yellow color and friable struc- 
ture of the subsoils. Only the Norfolk fine sand has thus far been 
encountered in southern New Jersey. It is usually hilly to rolling, 
well drained, and for the most part forested. Only the more level 
areas are occupied by farms, 
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Keyport series—The surface soils ‘of the Keyport series are 
grayish brown to brown in color and the subsoils are yellow and 
friable to mottled drab and yellow and somewhat plastic in the 
deeper subsoil. The surface soils are usually weli drained, but arti- 
ficial underdrainage is frequently needed on the heavier types. The 
soils of this series are of limited extent, occurring chiefly around 
Raritan Bay. The Keyport sandy loam, fine sandy loam, loam, and 
clay loam have been mapped. 

Shrewsbury series—The surface soils of the Shrewsbury series 
are gray to grayish brown in color and the subsoils are mottled gray, 
yellow, drab, and green. The series is chiefly found in low areas and 
sight depressions, and the deeper subsoils usually contain an ap- 
preciable quantity of greensand. The Shrewsbury sandy loam, fine 
sandy loam, loam, and silt loam have been mapped. 

Keansburg series—The surface soils of the types in the Keansburg 
series are dark gray to black and well supplied with organic matter. 
The subsoils are mottled gray, drab, and yellow and marked with | 
reddish iron stains. The presence of greensand can sometimes be 
distinguished. The soils of this series occupy depressed, poorly 
drained areas in the marl belt and require artificial drainage to be- 
come of agricultural value. The Keansburg sand, sandy loam, fine 
sandy loam, and loam have been mapped. 

Elkton series —The surface soils of the Elkton series are ashy gray 
to brownish gray in color, and the subsoils are pale yellow, becoming 
mottled yellow and gray at lower depths. They are usually asso- 
ciated with soils of the Sassafras series, occupying flat or depressed 
areas where drainage is imperfect. Only the Elkton loam has been 
mapped. : 

Portsmouth series—The surface soils of the Portsmouth series 
are dark gray to black in color and well supplied with organic matter. 
The subsoils are pale gray to nearly white, sometimes faintly mottled 
with yellow. These soils occupy depressed and poorly drained areas, 
chiefly along streamways and around the headwaters of swampy 
streams. They are chiefly forested and require artificial drainage 
before they are available for agricultural use. The Portsmouth 
sandy loam and loam have been mapped in southern New Jersey. 

Hyde series——The soils of the Hyde series are characterized by 
their naturally poor drainage and by the black color of both soil and 
subsoil to a depth of 3 feet or more. They are high in organic mat- 
ter. They occupy low-lying and depressed areas along streams, — 
around stream heads, and in swampy upland positions. They must 
be artificially drained before they can be cropped. Only the Hyde 
loamy sand has been mapped in southern New Jersey. 

Freneau series~-The surface soils of the types included in the 
Freneau series are dark brown or mottled brown and reddish brown 
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in color. The subsoils are mottled reddish brown, green, and drab. 
The Freneau loam is the only type of the series mapped in southern 
New Jersey. It occupies stream bottoms within the marl belt, and 
is naturally poorly drained. It is chiefly forested or used for pastur- 
age, although small areas have been drained and cultivated. 

Tidal marsh.—Considerable areas of Tidal marsh occur around the 
coast line of southern New Jersey. Some areas have been diked and 
drained and are used for pasture, the cutting of hay, and, to a small 
extent, the growing of corn. 

Meadow—Immediately inland from the Tidal ee areas the 
streams of southern New Jersey are frequently bordered by nearly 
level, marshy tracts which are subject to occasional inundation by 
stream freshets and to the addition of new soil material. These 
flood-plain areas have been mapped as Meadow. They are either 
forested or used for grazing. 

Coastal beach—Between the tidal marshes and the ocean or bay 
there are sandy accumulations in the form of barrier beaches which 
have been mapped as Coastal beach. Owing to the sandy nature and 
uneven surface, together with the shifting of the surface materials 
under wind action, these areas have no agricultural value. 


GENERAL VIEW OF THE SOIL-CROP RELATIONS OF SOUTHERN 
NEW JERSEY. 


There are three rather distinct subdivisions of the region into a 
forested area, occurring chiefly within the Atlantic slope, a tide 
marsh area, which intervenes between the barrier beaches along the 
Atlantic Ocean and the main land and which also fringes the lower 
reaches of the Delaware River and Bay, and a long, narrow, curved 
belt of dominantly agricultural lands, which stretches from the 
waters of Raritan Bay southwestward to the Delaware River and 
thence borders that river and Delaware Bay to the mouth of the 
Maurice River. 

These three regions of differing occupation correspond closely with 
the major soil differences of the region. The forested area is clearly 
related to the prevailing areas of the white sandy soils of the Lake- 
wood series (fig. 4). These soils are normally too porous to retain 
sufficient moisture for the production of either staple or special 
crops. Experience has shown that the territory had best remain in 
timber. The tide marsh areas (fig. 5), on the other hand, are too 
wet under normal conditions to permit of crop production and it is 
only in restricted areas, where diking and drainage have been in- 
stalled, that these areas are used to produce crops of any kind. 
Where they have been reclaimed, crops of hay (fig. 6) and corn are 
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grown, although a considerable portion of such areas is only used for 
grazing. These subdivisions are excluded from present agricultural 


FiG. 4,—Pitch pine and scrub oak on the Lakewood sand. 
utilization by the two extremes of soil drainage. One is prevailingly 
too dry, the other too wet. 


Fig. 5.—Unreclaimed Tide marsh along Delaware River. 
The third division of the region includes all of those soils of inter- 
mediate drainage conditions which may be occupied more or less 
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intensively for some form of crop preduction. Within that division 
agriculture has been developed to a high degree of specialization, 
with a certain amount of selection of particular soil conditions for 
‘the growing of specific crops. Probably the two most important 
natural factors determining the class of occupation of the land in 
this region are the topographic features of land slope and the 
natural drainage conditions of the upland soil types. 

Since the surface slope largely controls the mechanical efficiency 
of farming operations, rough, sloping land may not be economically 
occupied for the purposes even of staple crop production. Yet 
where slopes are not too steep or the surface too broken the excellent 
facilities for both air and soil drainage frequently render such 


Fic. 6.—Harvesting timothy hay on reclaimed Tide marsh, near Woodbury, N. J. 


situations desirable for certain forms of orcharding. In eastern 
Monmouth County such areas occur with soil conditions otherwise 
favorable to agriculture. Some of the finest orchards in the region 
are located on these rolling to decidedly hilly lands. In other cases 
where the land is too broken or danger from destructive erosion is 
too great, the land is either in forest or occupied as pastures. 

A second class of lands within the dominant agricultural region 
which has escaped the intensive occupation common to the region 
comprises such soils as from their position or texture are commonly 
waterlogged. 

Along many of the minor drainage ways the sluggish stream course 
is bordered on one or both sides by lands subject to periodical over- 
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flow. Such areas are quite commonly grown up to water-loving 
trees, shrubs, and vines, and their only present use is to furnish 
scanty pasturage. In some cases the broader bottoms have been 
cleared, and excellent pasturage is found on the moist bottom soils. | 
Some of the larger areas have been ditched and even tile drained — 
and are used for growing* forage crops, potatoes, and cabbage: 
Small areas of this class of land, commonly mapped on the soil maps 
as Meadow, are highly esteemed, if not present in too great area, 
because of the pasturage afforded to work stock used on the inten- 
sively farmed upland or to small herds of dairy cattle. 

There are also considerable areas of soils which in their natural 
condition require artificial drainage to become suited to the growing 
of the staple and special crops common to the region. Such soils in 
southern New: Jersey fall chiefly into the Freneau, Hyde, Ports- 
mouth, and Elkton series. The greater part of the total area of 
these soils in the section is either forested or used for pasturage or 
for the cutting of hay. 

Usually soils of these classes are first cleared to afford added areas _ 
of pasture and, later,.to come under cultivation for growing the 
forage crops required on the particular farm. Sometimes small 
bodies of any of these soils, which extend into larger areas of up- 
land soils, may be drained more completely either by open ditches 
or by tile, and utilized along with the remainder of the individual 
field for the growing of the staple or special crops. In such cases 
the common crops of the section are extended over such small areas 
without any particular reference to natural soil boundaries. 

The soils of the Keansburg, Shrewsbury, and Keyport series are 
rather better drained than the preceding group, but usually require 
some attention to artificial drainage before they are available for ex- 
tensive agricultural use. Even in their natural state they may be 
used to produce grass and hay, and a considerable proportion of 
their total area will support good crops of corn. For more intensive 
forms of farming, however, they frequently require ditching and 
tiling. When this is done they give good returns with such crops 
as potatoes and cabbage. The heavier soils of these series are com- 
monly used for forage crops, while the more sandy types are some- 
what preferred for the growing of the later and heavier truck crops. 

The general reconnoissance of the entire territory of southern New 
Jersey soon showed that the chief agricultural development, and 
especially the extension of the more intensive forms of cropping, had 
occurred upon soils of the Sassafras, Collington, and Colts Neck 
series. With these soils must also be included the small areas of 
soils of the Norfolk series to be found in the section. Not only are 
the soils of these series the unquestioned basis for the greater part 
of the agriculture of the region, but even scattered and restricted areas 
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of these types when distributed among broader areas of less desirable 
types have been sought out and cleared. Such areas are found in 
many of the smaller clearings which are interspersed through the 
forested area, and they constitute an excellent illustration of the in- 
fluence exerted by the character of the soil upon the agricultural 
occupation. 

It is not by chance that the intensive forms of truck and fruit 
growing and the more extensive forms of staple cropping have been 
developed upon these particular soils. Years of experience have 
taught that soils of these groups constitute the safe foundation for 
agriculture and that they excel all other soils of the region for staple 
and special crop production, 

A comparison of the map showing the general distribution of soil 
groups with that showing the tilled and forested land in southern 
New Jersey will at once demonstrate this selective use of the soils 
of the region. 

The specialization of agricultural development within eanier 


New Jersey has not rested merely with the occupation of certain 
general soil groups for farming purposes while others have remained 


uncultivated. 

Among these chosen agricultural soils, experience has shown that 
certain soils are most successfully used for certain crops and succes- 
sions of crops, and there has arisen a segregation of cropping prac- 
tices which follows to a rather marked degree the specific character- 
istics of soils. 

One of the best examples of this selection of soils for specific uses 
over a considerable territory may be observed in Salem County, N. J., 
and in adjacent portions of Cumberland County. 

To the north and east of Salem and extending nearly to Elmer, 
quite to Shiloh, and almost to Bridgeton, N. J., is a large area of 
heavy loam soil, locally termed a “clay” in some cases. This large 
area of the Sassafras loam has long been the location of an excellent 
system of general farming in which corn, wheat, and hay have occu- 
pied the most prominent positions. In connection with these crops 
dairying has been practiced. Yields of each of these crops decidedly 
in excess of the average yields of the State or of the section are ob- 
tained. Until recent years this form of agriculture was almost the 
only one followed. The demand for certain special crops has lately 
brought about some changes in the cropping system, introducing po- 
tato growing and the production of tomatoes for the canning factory. 
Both of these special crops are well suited to the land in question. 
Few attempts are made to produce early market tomatoes, and in the 
case of potatoes dependence is chiefly placed upon the size of the crop 
rather than upon early maturity. Thus, even with increased special- 
ization in cropping, careful attention is paid to the natural capabil- 
ities of the soil of this section. 
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This large area of heavy loam soil is sharply contrasted with areas 
of more sandy land to the north and east, on which the type of agri- 
culture adopted is in no less marked contrast. Upon the sandy soils 
early market tomatoes, sweet potatoes, asparagus, corn, and clover 
predominate. Upon the heavy loam corn, wheat, mixed grasses, and 
Trish potatoes occupy nearly all of the acreage. Yet the climatic 
_ surroundings are essentially the same, and so also is the accessibility 
to market of different portions of the two areas. 

Thus, even among the most desirable soils of southern New Jersey, 
experience has proved that careful attention must be paid to the in- 
herent properties of the soils of any locality in order that the most 
profitable kind of cropping and the best adjusted system of agricul- 
ture may survive upon them. 

These observations markedly illustrate the fact that the character 
of the soil, other things being equal, determines not only the character 
of the crops which may be grown successfully and the class of farm- 
ing which will result but also the fact that extreme differences in 
soil condition will determine the major fact as to whether soils may 
be occupied for agriculture at all.t 


DETAILED SOIL AND CROP MAPS. 


In order that an exact estimation might be made of the actual 
uses to which soils are put in southern New Jersey, several very de- 
tailed soil and crop surveys were made of selected areas within the 
territory. 

One survey was made immediately south of Freehold, in a highly 
specialized potato-growing section. Another was made in the vicinity 
of Hartford, another around Thorofare, and a fourth immediately 
to the north of Swedesboro. All of these areas are located within 
an intensively farmed belt, and the four areas include within their 
limits some portions of all of the more important agricultural soils 
of the section. They are all well supphed with transportation 
facilities and all are readily accessible to markets capable of absorb- 
ing considerable quantities of all the products which may be grown 
under the existing climatic conditions. 

It is safe to say, therefore, that existing differences in cropping are 
measurably capable of correlation with the differences in soil charac- 
teristics which are found to exist. 

1 More detailed statements with respect to these major matters of the distinctive uses of 
soils for the growing of particular crops may be found in the various reports upon the 


areas of which soil surveys have already been made in southern New Jersey, a list of 


which is given in a footnote on page 5. A similar correlation of soil and: crop facts has 
been made and published for a portion of the territory under discussion in Farmers’ 


Bulletin 472, of the United States Department of Agriculture, ‘‘ Systems of Farming in 
Central New Jersey,’ by Geo. A. Billings and J. C. Beavers. 
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Each of the four areas constitutes a portion of a locality which 
has been developed-to a marked degree for special agricultural pro- 
duction. It is in such areas that the closest adjustments of farm prac- 
tices to natural conditions may naturally be looked for. It may 
reasonably be held that the existing adaptations of crop to soil have 
resulted from the observations of skilled farmers acting through a 
considerable period of years. In all four areas the sums invested in 
each year’s operations represent a risk which the individual farmer 
desires to minimize through the adoption of every proved device of 
agricultural art which will add certainty to his prospects of profit. 

In all cases the field maps were platted upon a scale of 6 inches to 
the mile through the ordinary methods of plane-table survey. Bound- 
aries of fields and of other forms of occupation are shown and the 
kind of crop occupying each area of land at the time of the survey 
is indicated. This cultural map is combined with a detailed soil map 
so that the relationship of crops to soil may be read directly from 
the singie map. . 

In order that the details of soil occupation might be determined, 
the completed maps were measured and the acreage of each form of 
occupation of each soil type was computed. 

The accuracy of all of the maps is controlled by adjustment to the 
topographic maps of the region, executed by the New Jersey Geo- 
logical Survey in cooperation with the United States Geological 
Survey. Upon the scale adopted for this special soil and crop 
mapping it is estimated that accuracy may be attained down to the 
limit of one-fourth of an acre. 

The total area of each map and of each soil type was measured, and 
the total area of each crop: upon each soil type was also measured, 
independently. It was found that interplanting and duplication of 
cropping gave rise to an excess of land occupation over total land 
area in some instances. In all cases the percentages of land occupa- 
tion are figured on the basis of the total land occupation, in order to © 
give each soil type its full weight in the production of each crop. 

Table I shows the relationship between total land areas and total 
occupation by crops and otherwise for each area mapped. 


TasLe I.—Totai area, area occupied by crops, and area of waste land in each 
of the four soil-crop survey areas. 


Total area 
Total area 
Total area F -— | rough and 
Area of intensive 
mapped. siete Se swampy 
occupation. ibe 
Acres. Acres. Acrés. 
Eirccl ol dieesc tenes ai en eee Reyes This YER eel tos SUK Raye So 2,515.8 2s Oly ane Mckee 3 2 
IB RATIO Se oe ae RCE Oe SIE I a eee a eee 2, 209. 1 2,078. 6 216. 6 
DORIS 5 55 5a ee Se oe a a ee esa fc ba 1,476.3 1,358. 5 123.5 
SWECES DOO Bese S Saas SOR Ce aE ee ne eee sie a eee 2.597. 3 2, 490. 9 144.4 
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SOIL AND CROP SURVEY OF THE FREEHOLD AREA. 


The area immediately south of Freehold was studied and mapped 
during August, 1914. It is located upon the Amboy Division of the 
Pennsylvania Railroad and upon the Central Railroad of New Jer- 
sey about 40 miles from New York City, 30 miles from Trenton, 
N. J., and 70 miles from Philadelphia, Pa. Its location with respect 
to both markets and transportation, therefore, is favorable. 

The area mapped is located just south of the ridge which divides 
the Atlantic drainage from that of the Delaware River. The high- 
est elevation within the area of the map—190 feet above tide level— 
occurs within the limits of Freehold. There is a gentle slope to the 
south throughout the area and an altitude of 140 feet is reached 
along the southern border of the map. ~ 

The location of this detailed map is indicated on Plate A, page 16. 
The topography and soil conditions of the general region are shown 
on the large map of the Freehold area published to accompany the 
regular soil survey of that section.+ 


SOILS. 


Freehold is located within what is known as the “marl belt” of 
southern New Jersey. Asa result, the underlying materials within 
the limits of the map consist chiefly of glauconite, or greensand, con- 
taining variable proportions of clay and quartz sand. To a small 
extent the area is also underlain by the rusty, red, sticky sand of 
the Redbank formation, which contains plates and angular frag- 
ments of iron crust. 

Over the greater part of the area this basal material is covered 
to varying depths by later deposits, and the deeper layers are chiefly 
exposed along the margins of streams upon rather steeply sloping 
areas. 

The underlying marl beds have influenced the surface layers from 
which the dominant soils are derived to some degree and the deeper 
subsoils sometimes show unmistakable evidences of admixture of 
marl. 

Sassafras loam.—The surface soil of the Sassafras loam, to an 
average depth of 10 or 12 inches, is a mellow, brown to dark-brown 
silty loam: It is underlain by a yellowish-brown to brown, heavy 
silty loam, which is rather more compact than the surface soil. The 
total depth of surface soil and subsoil in the Freehold area ranges 
from 1 or 2 feet along the slopes to the streams to 5 or 6 feet over the 
greater part of the upland. 

In the Freehold area, as elsewhere in southern New Jersey, the 
type occupies nearly level to gently sloping uplands, and natural 
drainage is well established over the greater part of its surface. 


1 Wield Operations of the Bureau of Soils, 1913, p. 95. 
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This soil is representative of considerable tracts of land mapped 
as the Sassafras loam in the detailed surveys of the Camden, Free- 
hold, Trenton, and Salem areas. It contains a slightly greater 
amount of greensand or glauconite in the deeper portions of the 
subsoil than is common, but in all other respects is typical. 

It is recognized as a strong, productive agricultural soil best suited 
to the growing of general farm crops and of Irish potatoes. Practi- 
cally every acre of the type is cleared and occupied for agricultural 
purposes both in the Brechole area and elsewhere in southern New 
Jersey. 

Sassafras sandy loam.—The surface soil of the Sassafras sandy 
loam to an average depth of 8 to 10 inches consists of a light yel- 
lowish brown to brown sandy loam. It is somewhat heavy and co- 
herent where it is associated with the Sassafras loam in the vicinity 
of Freehold. The subsoil is a yellow or yellowish-brown heavy sandy 
foam, which grades at a depth of about 30 inches into a more porous 
loamy sand. 

The type is chiefly found on gentle upland slopes in the vicinity 
of Freehold, and the greater part of its area is well drained. 

Colts Neck loam.—The surface soil of the Colts Neck loam, to an 
average depth of 7 or 8 inches, is a distinctly red or dark-red loam. 
The subsoil, to a depth of 30 inches, is a sticky, coherent, red loam. 
Usually below 30 inches the subsoil is more porous and the color a 
rusty red. In the vicinity of Freehold broken fragments of iron- 
cemented sand are found in the subsoil. 

The surface of the type within the limits of the detailed soil and 
crop map made near Freehold is nearly level to gently sloping and 
the type is well drained. It is found chiefly along the gentle slopes 
from the upland to the streamways which drain the area. It only 
occupies a few narrow areas, forming portions of fields, and it is 
consequently tilled to the same crops and in the same rotations as 
the more extensive Sassafras loam, with which it is associated. 

It is commonly used for the growing of corn, wheat, and hay. 
Irish potatoes are also grown, although the staining of the tubers, 

through the adhesion of red particles of soil slightly decreases their 
market value. 

Colis Neck sandy loam.—The surface soil of the Colts Neck sandy 
loam varies from a bright-red to a dark-red sandy loam. The sub- 
soil is a distinctly red, light sandy loam which grades downward into 
a somewhat more coherent sandy loam or sandy clay. 

The type is of small extent, occurring near Freehold, where it 
occupies long, narrow, sloping strips along streamways. The surface 
is decidedly sloping, and the narrow strips of the type are not tilled 
differently from other soils with which they are associated. 


47659° 
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Collington loam—The surface soil of the Collington loam, to a 
depth of nearly 8 inches, consists of a brown loam, generally having 
a slight olive green tinge. The typical subsoil is a greenish-yellow 
loam, which in some cases is rather heavy and coherent. A consider- 
able amount of greensand or glauconite is found in both surface soil 
and subsoil, particularly in the latter. The type is derived through 
the weathering of the underlying marl beds. 

The surface is generally level and the natural drainage has become 
well established. Only small areas of the type are found in the 
immediate vicinity of Freehold and no distinctive cropping system 
has been developed for this soil. 

Collington clay loam—tThe surface soil of the Collington clay 
loam is a dark-brown to almost black loam having a depth varying 
from 8 to 6 inches. The immediate subsoil is a dark-brown to dark- 
green compact. clay loam or clay. The deeper subsoil 1s somewhat 
more granular, and grades into the greensand marl from which the 
type is derived. It occurs only in small areas where marl beds are 
exposed at the surface. 

The surface of this soil type is level or gently sloping. Drainage 
is fairly well established. Owing to its small extent, both near Free- 
hold and elsewhere in southern New Jersey, no distinctive cropping 
system has been developed for it, although it is commonly recognized 
as being better suited for the production of grass and grain than for 
any other crops. 

Collington sandy loam.—The surface soil of the Collington sandy 
loam, to an average depth of about 9 inches, is a hght-brown to brown 
sandy loam, frequently showing a distinct greenish tinge. The imme- 
diate subsoil is a greenish-yellow sandy loam which becomes heavier 
and more coherent with depth. At about 30 inches it grades into a, 
green loam or sandy clay, representing the greensand marl from 
which the type is derived. 

The type occurs only to a limited extent near Freehold along 
sloping stream banks and it is not distinctively farmed. 

Freneau loam.—Narrow stretches of somewhat poorly drained bot- 
tom land along the shallow stream courses within the area were 
mapped as the Freneau loam. In many cases, near Freehold, open 
ditches have been dug through this type and drainage has been suffi- 
ciently established to permit of crop production. The greater part 
of the type is used for pasture or the cutting of hay. The surface 
soil varies from place to place, but the subsoil consists rather uni- 
formly of unweathered greensand marl, dark green in color and 
decidedly sticky and wet. 

The Sassafras loam occupies 87.6 per cent of the total area sur- 
veyed, and all other types mapped are not only subordinate in extent 
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but also in importance. This type practically fixes the form of 
agriculture and the crop usages of the area represented. 

The absolute and relative extent of the different soils mapped in 
the Freehold area is given in Table IL. 


TABLE Il.—H «tent of different soil types, Freehold area. 


Propor- Propor- 

Area tion of Area tion of 

Soil type. occu- | total oc- Soil type. occu- | total oc- 
pied. cupied : pied. cupied © 

area. area. 

Acres. Per cent. | Acres. | Per cent. 
DS ASSAITAS ORIN es fo ai 2,098.8 83.7 || Collington clay loam._.......- 15.3 0.6 
Sassafras sandy loam._.......: 90. 8 3.6 || Collington sandy loam........ 14.1 .6 
Colts Neck loam... ....2...... 68. 2 PT A\y dovmeiaverybl opener 25 ee een 111.8 4.5 
Colts Neck sandy loam....... 65.7 2.6 — 
Collingtomloam:.-. 2. 5...2... 42.4 The 7/ PAS On bal uses a, 55 iy 


These soil types comprise the upland farming area and aggregate 
2,507.1 acres of land occupied either for the production of crops, as 
farm woodlot, or for the necessary sites of farm homesteads and farm 
lanes. 

USES OF SOILS. 

The interpretation of the agricultural uses of the soils of this area 
is based upon: 

(1) The total acreage of each crop as it stood in August, 1914. 

(2) The percentage relationship of each crop area to the total area 
of all farm crops as mapped. = 

(3) The classification of all crops recorded into general farm crops, 
including lima beans; truck crops, including Irish potatoes; fruit 
crops, including all orchard, berry, and nursery crops, and the sup- 
plementary areas of land not used for the production of any annual 
crop, but occupied by gardens and grounds, forested areas, and land 
not in crops for various reasons. 

This classification gives an opportunity for the comparison of the 
crop uses of each type with the standard as established for the area 
by the percentages given for “all soils.” For example, it will be seen 
that the percentage of ‘the total area of the Sassafras loam which is 
given to potato growing is 42.4 per cent, while the percentage of all 
soils in the area is 40.3 per cent in potatoes. This indicates that the 
type is used somewhat more extensively for potato growing than the 
average, a matter to be expected, since a larger proportion of the 
type is under cultivation than the average for the area. 

Table ITT summarizes this information: 
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The character of the agriculture of the locality is easily seen 
from the table of crop occupation. Hay and pasture, corn, wheat, 
and potatoes occupy 85.5 per cent of the total land area. Adding to 
these crops the areas in fruit crops and those occupied by farm- 
steads, the total is 94.2 per cent of the area, leaving only 5.8 per cent 
of the area occupied by other crops, of which the largest single 
acreage is that of Lima beans. (Figure 7.) In fact, the other mis- 
cellaneous crops of the area cover only 1.2 per cent of its total 
acreage. 

Tt is at once evident that the Sassafras loam, occupying 87.6 per 
cent of the total land area, dominates the cropping system. In fact, 


Fic. 7.—Bush Lima beans for canning, on Sassafras loam, near Freehold, N. J. 


the area was selected for mapping because it gave an unusually good 
opportunity for the study of this type and its influence upon crop 
systems. _ 

It was evident from a reconnoissance of southern New Jersey 
that the Sassafras loam was of leading importance in the production 
of corn, wheat, hay, and potatoes not only in Monmouth County 
but generally wherever it occurs in bodies of any size. Thus, in 
Mercer, Middlesex, Burlington, Camden, Gloucester, Salem, and 
Cumberland counties this soil is almost universally used over the 
greater part of its extent for the growing of these crops. Figures 
8, 9, 10, 11, and 12 show the high state of cultivation and the pro- 
ductiveness of this soil when planted to these crops. In all locali- 


nee el ee 
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ties where it is found in New Jersey it constitutes the standard soil 
type for this class of farming. 


In Monmouth County the speciali- 


Fig. 8.—Field of American Giant potatoes on Sassafras loam, near Freehold, N. J. 
Yield over 275 bushels per acre. 


zation in potato growing has been pushed a little further than in 
many other localities, but the extension during the last 10 years of 


HG 


. 9.—Digging and shipping American Giant potatoes, Sassafras loam, near Freehold, 
N. J. Yield over 275 bushels per acre. ; 


the area devoted to potato growing in southern New Jersey has been 
largely upon this soil. 
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A similar mapping of the crop areas upon the Sassafras loam, 
if made in the vicinity of Robbinsville, Mercer County, or near 


Fig. 10.—Red clover grown in rotation with corn, potatoes, and wheat on Sassafras 
loam, vicinity of Freehold, N. J. Yield 14 to 24 tons per acre. 


Woodstown, Elmer, or Salem, in Salem County, would show essen- 


tially the same facts of crop occupation, even if the absolute figures 
differed slightly from those here shown. 


Fig. 11.—Timothy and clover hay grown on Sassafras loam, near Freehold, N. J. 
Yield, in rotation with corn, potatoes, and wheat, 14 to 2 tons per acre. 


Certain facts are worthy of particular notice in the study of the 
cropping uses made of the different soil types. 
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In the case of potatoes, 39.7 per cent of the entire Freehold area 
is given to that crop. Potatoes occupy 41.9 per cent of the cropped 
area of the Sassafras loam. 

Hay is second in area to potatoes, occupying 27 per cent of the 
entire area, but covering only 24.3 per cent of the cropped area of 
the Sassafras loam. 

Wheat is the only small-grain crop grown to any significant ex- 
tent. It covers 5 per cent of the entire area, but occupies 5.2 per 
cent of the cropped area of the Sassafras loam. 

These departures from the normal of all types indicate a tendency 
to use as large an area of the Sassafras loam as is compatible with 
good methods of farming for the growing of potatoes. Corn, wheat, 
and hay are grown in a regular rotation with potatoes, the succession 


Fic. 12.—Winter wheat on Sassafras loam, near Freehold, N. J. Yield 25 bushels to 
35 bushels per acre on land heavily fertilized for potatoes. 


and the duration of the crop occupation with each crop varying 
slightly with individual preferences. The strong tendency to keep 
the land in potatoes or corn is shown by the slight excess of the per- 
centages in these crops on the Sassafras loam and the small deficiency 
of the percentage in hay compared with the standard figures for the 
area. In other words, this dominant and desirable soil type is kept 
in high-paying, cash crops for as much of the time as is possible in 
accordance with experience. 

It should be stated that in central Monmouth County a special 
variety of Irish potato, the American Giant or “long stock,” is 
grown. For this reason there is no opportunity to make any direct 
comparison of the local yields with those obtained in other localities 
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where the Irish Cobbler or “ round-stock” potato is chiefly grown. 
Other things being equal, the Giant will normally outyield the Cob- 
bler by 20 to 25 per cent. 

The relationship of the Sassafras loam to the production of Irish 
potatoes as a main money crop can not be too strongly emphasized in 
a consideration of the uses of the soils of southern New Jedsey. Thus 
the business of growing potatoes has been developed to a high degree 
of specialization in central Monmouth County. That this is due, at 
least to some degree, to the presence of large areas of the Sassafras 
loam is shown by the unusually large acreage borne by that soil type. 
The special adaptation of this soil to potato production is well known 
in the region and is specifically recorded by Jennings in the report 
on the Soil Survey of the Freehold Area, New Jersey. He says: 

The soils on which the principal crops of potatoes are grown have been classed 
as Sassafras loam, sandy loam, and fine sandy loam, and the Collington loam, 
sandy loam, and fine sandy loam. Other types are used to some extent, but the 
highest yields are secured on these soils, especially on the loam soils of the 
different series. 


Jennings also makes the distinction in his report that the early crop 
of potatoes is grown to a considerable extent on the Sassafras fine 
sand, fine sandy loam, and sandy loam in conjunction with other truck 
crops. He states with regard to the Sassafras loam that “it is with- 
out exception the heaviest-yielding potato soil in the State.” 

The personal investigations of the author in 1914 and 1915 would 
indicate that this statement is generally true of the type wherever it 
is found in southern New Jersey. An examination of the soil survey 
maps of the Freehold, Trenton, Camden, and Salem areas will show 
that all of the most important potato-shipping localities in southern 
New Jersey are located on or in the immediate vicinity of extensive 
areas of the Sassafras loam. This is true of Holmdel, Freehold, 
Englishtown, Dayton, Hightstown, Mount Holly, Moorestown, Mul- 
lica Hill, Elmer, Woodstown, Salem, and Shiloh. 

In the majority of these localities the potato crop, whether Amer- 
ican Giant or Cobbler, is grown on the Sassafras loam with the Col- 
lington sandy loam second in importance and the Sassafras sandy 
loam and fine sandy loam contributing a large part of the remainder 
of the crop. Upon these four soil types considerably more than one- 
half of the total potato crop of the State is annually grown.? 


SOIL AND CROP SURVEY OF HARTFORD AREA. 


In order to study the relationship existing between soils and crops 
in an area of mixed general farming and special crop production in 


1¥For detailed statements with regard to the methods employed in potato growing in 
central New Jersey. the reader is referred to Farmers’ Bulletin 472, of the U. S. Depart- 
ment of Agriculture, and to Bulletin 294, of the New Jersey Agricultural Experiment 
Station. 
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a favorable locality in southern New Jersey, a detailed map of the 
soils and the crops grown upon them was made in the vicinity of 
Hartford, Burlington County, N. J., in July and the early part of 
August, 1914. 

The Hartford area is located along the line of the Amboy Division 
of the Pennsylvania Railroad about 12 miles east of Camden. It is 
adjacent to Rancocas Creek and about 5 miles south of the Delaware 
River. The area mapped covers about 34 square miles, or 2,259.1 
acres. It lies within the area of the soil survey of the Camden Area, 
N. J., completed in 1915. 

The Hartford Area occupies a somewhat dissected portion of a 
relatively flat-topped terrace along the lower course of Rancocas 
Creek. The surface of the,land rises from the level of the stream in 
a southwesterly direction to an altitude of 90 feet at a distance of 
nearly one-half mile from the creek. The area mapped is divided 
into an eastern and a western division by the deep-cut channel of 
Parkers Creek which flows across it between steep bounding walls, 
through a flat-bottomed, marshy valley. 

The altitudes along the railroad, which forms the southern bound- 
ary of the area mapped, range from 40 to 50 feet above tide level, 
gently rising toward the center of the upland to an extreme elevation 
of 80 feet at a point about one-half mile north of Hartford and of 90 
feet about three-fourths of a mile northwest of Masonville. Aside 
from the steeper slopes along the banks of Parkers Creek and toward 
Rancocas Creek, the surface of the area is rolling to gently undulat- 
ing. Some minor streams have cut small valleys through the up- 
land and their courses are in some cases bordered by narrow swampy 
flats. Generally the surface drainage of the area is well established. 
Small depressions in the surface of the upland might be improved by 
the installation of tile underdrainage. 


SOILS. 


The Hartford area lies within the mar] belt of central New Jersey. 
All of the surface materials are underlain at varying depths by beds 
of marl ranging from a loose, marly sand to a rather stiff, black 
marl. The rolling upland is covered by more recent deposits form- 
ing a part of the moreelevated terrace intermediate in altitude 
between the broad terrace which borders the Delaware and the up- 
lands to the south. The terrace covering varies in thickness from 5 
or 6 feet down to a thin veneer over the underlying mar! formations. 
East of Parkers Creek the marl formations either reach the surface 
or are so thinly covered that they form the deeper subsoils and thus 
give character to the soils mapped in that section. 

In consequence, the soils of the rolling upland in the western part 
of the area mapped consist chiefly of the Sassafras loam and sandy 
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Joam with associated areas of Elkton and Portsmouth types, while 
those of the eastern section include the Collington sand, sandy loam, 
and fine sandy loam. 

Sassafras loam.—The Sassafras loam of the Hartford area does 
not differ materially from the same type as occurring in the Free- 
hold area, except that there is possibly a smaller admixture of 
greensand marl in the deeper subsoil and the coloration of the sub- 
soil is consequently a somewhat more reddish brown. The type oc- 
cupies undulating to gently rolling uplands at elevations ranging 
from 50 to 90 feet above tide level and natural drainage is well 
established. . 

Sassafras sandy loam.—The Sassafras sandy loam differs slightly 
from the type as developed near Freehold, but is more nearly typical 
of the extensive areas found in other parts of southern New Jersey. 
The surface soil, near Hartford, to a depth of 10 or 12 inches, is a 
brown to dark-brown sandy loam. It is directly underlain by a 
pale-yellow sandy loam extending to a depth of 15 to 20 inches. This 
grades into reddish-yellow sandy clay. In the Hartford area a por- 
tion of the type occupying sloping ground contains an appreciable 
quantity of fine quartz gravel scattered through both soil and subsoil. 

The surface of the type ranges from nearly level to decidedly 
sloping. Surface and internal drainage is well established. 

Collington sand—The surface soil of the Collington sand is a 
light-brown, medium to coarse sand, having a depth varying from 
12 to 18 inches. It is underlain by a reddish-yellow medium sand 
subsoil. A small amount of glauconite is found in the deeper por- 
tions of the subsoil. In the Hartford area the total depth of surface 
soil and subsoil amounts to 6 feet or more over the greater part of 
the type. 

The Collington sand occupies slopes and rolling, elevated positions. 
It is excessively drained and not well suited to agricultural uses. 
The greater part of its area is used to supply molding and builder’s 
sand and agriculture is not well developed. 

Collington sandy loam.—The Collington sandy loam in the vicinity 
of Hartford consists of the normal soil and a deep phase. The normal 
soil does not differ materially from the areas of the type as described 
for the Freehold area. The deep phase differs enough to warrant 
separate description. The soil is a yellowish, loamy sand. It is un- 
derlain at a depth of 14 to 30 inches by a yellow to reddish-yellow, 
friable sandy clay, which becomes compact and slightly tinged with 
green at 30 to 36 inches below the surface. The type occurs on level 
uplands and is well drained. It consists practically of a gradation 
between the normal Collington sandy loam and the Collington sand. 

Collington fine sandy loam.—The surface soil of the Collington 
fine sandy loam, to a depth of about 12 inches, is a dark-brown fine 
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sandy loam. In the vicinity of Masonville it grades almost directly 
into a somewhat sticky coherent fine sandy loam, which is in turn 
underlain by a stiff, brown loam, or sandy clay subsoil. The entire 
' subsoil has a considerable content of greensand. 

Both level and sloping areas of the type occur in the Hartford area. 
Drainage is fairly well established. 

The agricultural uses of the soil for orcharding, special crop pro- 
duction, and general farming are fairly representative of more exten- 
sive areas of the type elsewhere in southern New Jersey. 

Elkton loam.—The surface soil of the Elkton loam is a light-brown 
to ash-colored heavy silty loam having a depth of 12 to 15 inches. 
The subsoil is a slightly heavier silty loam of a yellowish color be- 
coming mottled yellow and gray at a depth of 24 to 36 inches. 

The type occupies level to depressed areas of small extent, asso- 
ciated with the Sassafras loam and other upland types. It has a 
tendency to become baked and puddled when thoroughly dry at the 
surface and would be decidedly benefited by artificial drainage. 

Portsmouth sandy loam.—The surface soil of the Portsmouth sandy 
loam, to an average depth of 6 to 9 inches, is a dark-gray to almost 
black sandy loam. It is usually well charged with partly decayed - 
organic matter. The subsoil is prevailingly an almost white, sticky, 
sandy loam. 

The type occupies depressed areas where drainage has not become 
well established. Through a considerable part of the year the deep 
subsoil, at least, is saturated with standing water. 

A very small area of this type is found in the Hartford area and it 
is closely associated with better drained upland soils so that its uses 
are scarcely distinctive. 

In addition to the distinct upland soil types there are quite ex- 
tensive, tracts of land along the walls of the Parker’s Creek channel 
and elsewhere which are too steep and broken for cultivation. These 
areas are almost without exception timbered and were not considered 
in the study of the cropping of the different agricultural types. 

Some of the creek bottoms were sufficiently extensive to justify 
mapping. They are moist, subject to inundation at times and liable 
to receive additions of soil material from time to time. The surface 
soils were usually dark loams or sandy loams while the deeper sub- 
soils at. least consisted of beds of greensand or glauconitic loam~or 
clay. The only agricultural use of this material, mapped as the 
Freneau loam in the Hartford area, is for pasturage. 

All these soils are representative of the same types in other pees 
of southern New Jersey, and conform for the most part to the gen- 
eral descriptions already given. In the case of the Collington sandr 
loam alone is there any decided departure from normal. The deep 
phase of this soil in the greater part of its area in the Hartford map 
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consists of a deep deposit of slightly coherent sand, loose at the sur- 
face but loamy below a depth:varying from 14 to 30 inches. It is 
somewhat more droughty than the normal type and rather better 
suited to special truck or fruit crops than to the staple farm crops. 

The absolute and the relative extent of the occupied areas of 
different soil types are given in Table IV: 


TABLE 1VY.—Hzatent of different soil types, Hartford Area. 


Propor- Propor- 
Area tion of Area tion of 
Soil. - occu- total oc- Soil. occu- | total oc- 
pied. cupied pied cupied 
area. area. 
a 
Acres. | Percent. Acres. | Per cent. 
Sassafras loam.........-....-- 938. 6 45.2 || Collington sand.....---...... 283. 1 13.6 
Sassafras sandy loam-........ 532.0 2556),|| Hlktonloame=_ = fee. 2222 58 30. 4 1253 
Collington sandy loam._....... 41.8 2.0 || Portsmouth sandy loam.....- 30. 4 1.5 
Collington sandy loam, deep Se 
DHASew epee asa son ase-ess} 215.9 5.6 LUO EY ec See en ne maeseS 2,078. 6 100.1 
Collington fine sandy loam. - 106. 4 5.1 


The total area covered by the map comprises 2,259.1 acres, while 
2,078.6 acres were upland soils agriculturally occupied or capable of 
such occupation. The areas of rough broken land along the stream 
courses and those of the Freneau loam, in the stream bottoms, were 
not included in the estimation of the cropped acreages. The inter- 
pretation of facts is based upon the area of 2,078.6 acres. 


USES OF SOILS. 


Table V shows the total areas of the soil types and the crops 
supported by them and the percentage relationships of the tracts 
cropped or otherwise occupied. 
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It will be seen from these tables that nearly one-half of. the 
_ total area occupied consists of loams—the Sassafras loam and the 
Elkton loam. These more retentive soils are normally used in 
the section for the production of hay, corn, potatoes, tomatoes, 
and other staple or late truck crops. The remaining soils grade 
from a fine sandy loam to a loose, deep sand. The area thus presents 
a sufficient variation in soil type characteristics to permit of con- 
siderable diversity in cropping while at the same time it is domi- 
nated by the finer grained and more retentive soils. 

The table of occupation acreages is in close accord with what 
might be expected from the table of soil type acreages. The general 
farm crops occupy 42 per cent of the area, while truck and fruit 
crops occupy 41.5 per cent. The large area of land not under culti- 
vation results entirely from the fact that the greater part of the Col- 
lington sand is more profitably worked to furnish molder’s and 
‘builder’s sand than as an agricultural soil. A porous sand of this 
character is too unretentive of moisture to support even the early 
truck crops to good advantage. 

The percentage of crop acreages established by the figures for all 
types constitutes a normal for the area and region. When compari- 
son of the individual percentages of crop occupation of the different 
types is made with this standard it is evident that the Sassafras 
loam is more extensively used for growing the general farm crops 
than is any other really important type in this locality. It supports 
general farm crops to the extent of 52.6 per cent of its acreage, as — 
compared with 42 per cent for the entire area and with 36.8 per 
cent on the Sassafras sandy loam, which is the next most extensive 
type of soil. 

With respect to special or truck crops, the Sassafras loam sup- 
ports them to the extent of 36.8 per cent of its area as compared 
with 31.2 per cent for the entire area and 34.6 per cent on the Sassa- 
fras sandy loam. 

Among specific crops, it is notable that hay occupies the largest 
area of any single crop for the entire area for the Sassafras loam, 
Collington sandy loam, and Elkton loam, while it is relatively unim- 
portant as a crop on any other soil type within the limits of this 
survey. 

The potato crop ranks second to hay in total acreage and leads 
corn slightly. There is a marked concentration of the potato acre- 
age on the Sassafras loam and a slight excess in proportionate 
acreage on the Sassafras sandy loam. This fact supports the results 
as obtained from the survey of the detailed area near Freehold. 
These two types are recognized as especially suited to the growing 
of the crop. It is known in the Hartford area that the Irish Cob- 
bler matures at a slightly earlier date on the Sassafras sandy loam, 
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but usually gives a larger yield upon the Sassafras loam. In conse- 
quence of the higher prices at the earlier dates the cash return per 
acre is about equal for the two types. Both are more highly es- 
teemed for potato growing than any other soils included in this 
survey. (Figs. 13 and 14.) 

The Sassafras loam is the standard type for corn growing, carry- 
ing exactly the same relative percentage as that found for all types. 
Corn is the leading crop in acreage on the Sassafras sandy loam 
and the Portsmouth sandy loam anil of equal importance with hay 
on the Collington fine sandy loam. 

Orchard and fruit crops are decidedly concentrated on the Col- 
lington ‘sandy loam and on the deep phase of that type, while the 
Sassafras sandy loam is also an important type for fruit culture. 

Tomatoes are somewhat concentrated on the Sassafras sandy loam, 
where they occupy 10.4 per cent of the area of the type; and on the 
Sassafras loam, where they cover 6.4 per cent. Tomatoes are grown ° 
for direct marketing as a truck crop in this section, only the last 
of the crop usually finding its way to the canning or preserving 
factories. 

The figures of crop usage for these different soils emphasize the 
fact that the heavier, loamy types are most esteemed for the produc- 
tion of such crops as hay, corn, potatoes, and cabbage (fig. 15) ; 
that the sandy loam soils are suited to a wide diversity of crops, 
being adapted to the general farm crops and to a considerable range 
of special crops, including fruit, and that the more sandy soils are 
best devoted to special crop production, notably to the growing of 
the early truck crops. It is also apparent that the more sandy soils 
are liable to be too droughty even for such uses. — 

The soils mapped in the Hartford area may evidently be grouped 
with respect to their crop utilization as follows: 

General-farming soils—Sassafras loam, Elkton loam, and Ports- 
mouth sandy loam. 7Zvruck soils—Collington fine sandy loam and 
Collington sandy loam, deep phase. /’rwit soils—Collington sandy 
loam. Wiaed-purpose soils—Sassafras sandy loam. 

The Hartford area is thus seen to represent a somewhat varied 
assortment of agricultural conditions and cropping practices which 
are demonstrably capable of correlation — with the soil types which 
occupy the area. 

Prevalence of general farm crops is due largely to the existence 
in dominant area of the Sassafras loam, a well-drained but retentiv e, 
fertile soil. Specialization toward the production of potatoes and 
tomatoes as the important cash crops is rendered possible by the 
dominance of the Sassafras loam and sandy loam. Extensive de- 
velopment of orcharding and fruit growing is favored by the pres- 
ence of the areas of the Collington sandy loam, deep phase, and the 
Sassafras sandy loam. Lack of agricultural use of a considerable 
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area of land is specifically due to the presence of a large area of 
the Collington sand, a type too droughty even for the growing of 


Fie. 13.—Cultivating potatoes (Irish Cobbler) on Sassafras sandy loam, near Hurff- 
ville, N. J. 


the early truck crops. Steep sloping areas are left in forest, and 
poorly drained areas are well utilized for grazing. 


Fie. 14.—Shipping Irish Cobbler potatoes, Hartford, N. J. 
In comparison with the Freehold area, the Hartford area is one 
of greater diversity, both of soil conditions and of resulting crop uses. 
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SOIL AND CROP SURVEY OF THE THOROFARE AREA. 


A combined soil and crop map was made of an area surrounding 
Thorofare in order to illustrate the relationship between soils and 
crops in one of the most intensively farmed areas in southern New 
Jersey. 

The Thorofare area is in an angle formed between the Delaware 
River and the lower course of Woodbury Creek, near its mouth. It 
lies immediately to the west of Woodbury and about 12 miles south- 
west of Camden. It is on the West Jersey & Seashore Railroad and 
easily accessible by highway to the Philadelphia markets. Its ac- 
cessibility to market is equal to that of the Freehold or the Hartford 
areas. 

Practically all of the area selected fies on the low terrace which 
borders the Delaware River and only a small tract along the south- 


Fig. 15—Late cabbage on Collington fine sandy loam, near Moorestown, N. J. 


ern border of the map rises to elevations greater than 30 feet above 
tide level. 

The general surface of the ailenel portion rises gently in a south- 
easterly direction from the tide marsh which borders the river. Only 
along Woodbury Creek is there any sharp rise from marsh to up- 
land. There the rise varies from 5 to 25 feet and is accomplished 
in a low cliff, which gradually becomes lower toward the mouth of 
the creek. 

From the river to Thorofare the surface is a low, slightly undulat- 
ing plain, the highest altitudes of which are reached between Thoro- 
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fare and Woodbury Creek in a low ridge reaching to 20 or 25 feet 
above tide level. Southward from Thorofare a gentle slope toward 
the interior upland begins, carrying the extreme elevation of the 
tract mapped to an altitude of 40 feet. : 


SOILS. 


All of the lower part of the area surveyed les within the terrace 
formation which borders the Delaware River and Bay. The basal 
materials in this vicinity consist of two rather heavy beds; one is a 
black, micaceous clay of massive structure and greasy appearance, 
which sometimes carries rather large amounts of greensand, while 
the other, higher bed, is also dark and micaceous but lacks the green- 
sand. Both layers affect the underdrainage of the soil types in the 
area. Upon the lower terrace, slight hollows and depressions remain 
more moist than the general condition because of the near presence 
of the clay. Upon the slopes the upper clay bed sometimes comes 
near enough to the surface to affect subsoil drainage and to con- 
stitute a rather sticky subsoil material underlying the surface soils 
at varying depths. 

The actual soil materials of the greater part of the area are to be 
ascribed to later stages of the deposition of river or estuarine sedi- 
ments. These sediments give rise to the sandy and sandy loam soils 
of the upland. These constitute a thin covering over all but the 
steepest slopes. The soils of the area thus owe their origin primarily 
to the deposition of the older, marine beds and to the later covering 
of these materials by a thin veneer of later river or bay deposits. 

Four soil types occupy the arable upland portion of the Thorofare . 
area. ‘These are the Sassafras sand, Sassafras sandy loam, Ports- 
mouth sandy loam, and Collington fine sandy loam. The last covers 
but a small area. In addition a considerable area of Tidal marsh, 
some swampy stream bottoms, and the rough, broken land occurring 
along the slopes from the upland to the streams were necessarily 
. included. . 

Sassafras sand —The surface soil of the Sassafras sand consists 
of a merely, medium sand of a brown to yellowish-brown color and is 
6 to 10 inches deep. The surface soil grades into a pale yellowish 
brown sand, usually rather loose in structure. At a depth ranging 
from 18 to 24 inches below the surface, the subsoil usually consists 
of a reddish-yellow to orange fine sand. There is little difference in 
texture between the surface soil and subsoil. On account of the in- 
corporation of large amounts of organic manures in the surface soil 
throughout this region the surface soil frequently seems somewhat 
more coherent and loamy than the subsoil and its color is somewhat 
darker than the normal for the type. 
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Near the margins of the Sassafras sand in the Thorofare area and 
in small depressions throughout its area there are small tracts where 
the presence of underlying clay becomes evident through the some- 
what sticky condition of the deep subsoil. This clay layer aids in the 
retention of moisture in soil and subsoil while it is usually sufficiently 
covered by sandy materials to permit of good to excessive drainage 
of the type. 

The surface of the Sassafras sand is nearly level in the Thoro- 
fare area. Shght ridging exists, but not sufficient to interfere with 
cultivation. | 

The area is representative of considerable tracts of the type which 
exist along the low terrace bordering the Delaware River, particu- 
larly in the vicinity of the mouths of the larger tributary streams. 
In all of these localities the type is fully occupied for the production 
of intensively tilled crops. Trucking has been intensively developed 
on this soil from the vicinity of Burlington, N. J., to that of Penns 
Grove, N. J. The Thorofare area is representative of this belt. 

Sassafras sandy loam.—The Sassafras sandy loam is in most re-. 
spects identical with the areas described in the Hartford area. It 
occurs along slopes at the higher elevations near the southern 
boundary of the Thorofare area. Surface drainage is good, while 
the heavier subsoil assists in maintaining a good supply of moisture 
in both soil and subsoil. Practically all of the type is under culti- 
vation. 

Collington fine sandy loam.—The surface soil of the Collington 
fine sandy loam contains a little more fine sand than is typical, owing 
to a moderate amount of wind action in piling up low ridges of fine 
sand near the larger streams. The subsoil is a dark-brown, greasy 
clay to a depth of 18 inches, where it is underlain by a brown loam 
or clay loam distinctly marked by the presence of greensand. 

The surface of the type is nearly level and drainage is well estab- 
lished. 

Portsmouth sandy loam.—This soil occupies areas where drainage . 
is poorly established. It 18 marked by a dark, mucky surface soil, as 
in the Hartford area, and by a gray to nearly white sandy loam sub- 
soil. The latter is nearly always saturated with standing water. 

Swamp.—The areas mapped as Swamp consist of small tracts of 
poorly drained stream bottoms. They are either timbered or used 
for pasture. No tilled crops are grown upon them. 

Tidal marsh.—Extensive areas of Tidal marsh border the upland 
both along Woodbury Creek and along the Delaware River. In 
favorable situations these areas have been diked and drained and 
some areas of hay are annually cut. The chief use is for pasture, and 
adjacent upland farms, devoted to truck growing, frequently main- 
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tain some dairy cows from the pasturage and forage crops furnished 
by the diked lands. The areas of Tidal marsh are not included in 
the measurements of the detailed crop and soil map. 

None of these soils differ materially from their normal charac- 
teristics in southern New Jersey, except that the outer margins of 
the Sassafras sand areas show a sticky clay underlying the type at a 
depth ranging from 24 to 36 inches. This narrow belt of land ex- 
presses the thinning out of the material and the near approach to 
the surface of the older, underlying clay beds. 

A part of the Tidal marsh is diked and used for hay production 
and for grazing. The swampy stream bottoms are used for grazing, 
while the steeper slopes from upland to stream bottom are chiefly in 
forest. Nearly every available acre of upland is occupied by some 
crop or by the homestead and necessary lanes. 

The total and relative areas of the different soils are shown in 
Table VI: 


TABLE VI.—Haxtent of different soil types, Thorofare area. 
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USES OF SOILS. 


In the Thorofare area the Sassafras sand dominates; the Sassa- 
fras sandy loam is the only other important upland soil, and the 
Portsmouth sandy loam and the Collington fine sandy loam are 
areally of decidedly less importance. The study of the crop uses 
of the soils of this area is essentially a study of contrasts between 
the Sassafras sand and the Sassafras sandy loam. 

The character of the agriculture supported by the more sandy 
soils along the low terrace which borders the Delaware River from 
Trenton to the vicinity of Penns Grove is well represented by the 
soil and crop map of the Thorofare area. _ 

Table VII shows the absolute and relative importance of each 
crop within the area surveyed and upon each of the tilled, upland 
soil types. 
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TABLE VII.—Proportion of total area and of the area of each soil type occupied 
by various crops and groups of crops, Thorofare Area. 
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Swamp (chiefly pasture), 79.8 acres. 

Rough broken land (chiefly forest), 43.7 acres. 

Several important facts are made evident by this table: First, the 
truck crops occupy 62.9 per cent of the total cropped area while the 
general farm crops cover but 19.1 per cent. Second, the four crops 
of greatest acreage are asparagus, sweet potatoes (figures 16 and 17), 
tomatoes, and cantaloupes (figure 18). It is not until fifth place is 
reached that a general farm crop appears. Corn occupies this posi- 
tion. It should be stated that the field crop, or “horse corn,” as it 
is locally known, and some areas of sweet corn, a truck crop, were 
both mapped under the single heading. If alfalfa and other classes 
of hay are combined, the total acreage in hay exactly equals the. total 
acreage in corn. Third, the variety in cropping is also notable 
(figures 19 and 20). Thirteen different truck crops are grown to an 
extent sufficient to justify separate mapping within this area of less 
than 1,500 acres. Seven general farm crops are also grown and or- 
chards occupy an important area. Fourth, the small area covered by 
forest and by land not in crops is noteworthy. In fact the area 
given to the necessary grounds and gardens of the homestead is 


SOILS OF SOUTHERN NEW JERSEY AND THEIR USES. 39 


double the area which is otherwise unoccupied by annual crops or 
orchard. 


Fic. 16.—Harvesting and sorting sweet potatoes on Sassafras sand, near Thorofare, N. J. 


These facts clearly demonstrate the intensity and specialization of 
the cultivation of the land in the Thorofare area. 


Hig. 17.—Loading early sweet potatoes.for the city market, near Thorofare, N. J: 


Some very striking features of individual uses of soils for crops 
are also shown by these tables. The Sassafras sand is the soil pre- 
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ferred by the intensive truck farmer. The truck crops occupy 73.6 
per cent of its total area. Asparagus leads in importance, covering 


Fig. 18.—Cantaloupes on Sassafras sand, near Clarksboro, N. J. 


20.4 per cent of the type. Sweet potatoes, tomatoes, and cantaloupes 
are of decided importance. In fact the acreage given to each of these 


Fie. 19.—Intensive cropping on the Sassafras sand, Thorofare, N. J. A locality of 
varied crops and small fields. 


four crops considerably exceeds that occupied by all of the general 
form eronc. 
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Yet certain truck crops are discriminated against as markedly as 
these four are preferred for production on this soil. 

Trish potatoes only occupy 1.9 acres on the Sassafras sand, com- 
pared with 32.3 acres on the Sassafras sandy loam, or 13 per cent of 
its area; 13.3 acres on the Collington fine sandy loam, or 29.2 per 
cent of its area; and 9.5 acres on the Portsmouth sandy loam, or 7.7 
per cent of the area of that type. This distinction is in full accord 
with the conclusions reached in connection with the observations 
concerning the general region. 

The acreage in cabbage is concentrated on the Portsmouth sandy 
loam—a moist, low-lying soil—this crop appearing only to a limited 
extent on the Sassafras sand and the Collington fine sandy loam. 

The absence of anything but a purely accidental area of asparagus 
from all soil types except the Sassafras sand is decidedly significant. 


Fie. 20—Sweet corn interplanted with string beans on Sassafras sand. 


Wherever possible the other soils of the area have been avoidéd for 
setting asparagus beds and only where small areas of other types 
were closely associated with this chosen asparagus soil is any acreage 
of the crop discovered. 

The contrast between the crop occupation of the Sassafras sand and 
the Sassafras sandy loam is marked.- The former type is absolutely 
dominated by truck crops; the latter carried 51.1 per cent of its area 
in general farm crops. On the former, asparagus is the leading 
crop; on the latter, hay leads in acreage and corn is a close second. 
Among iruck crops, potatoes cover only 1.9 acres on the Sassafras 
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sand, while they occupy 82.3 acres on the Sassafras sandy loam, a 
type of approximately one-fourth its total area. It is interesting to 
note that tomatoes are of almost equal importance upon the two 
types. But observation shows that the earliest pickings are made 
on the Sassafras sand while the medium early and the later crops 
are chiefly harvested from the Sassafras sandy loam. These rela- 
tionships to the growing of the potato and tomato crops are in ac- 
cord with the recorded facts of the Hartford area. The Sassafras 
sandy loam, therefore, may be characterized as a soil well suited to 
the production of the general farm crops and of considerable value 
for the production of the mid-season and later truck crops such as 
tomatoes and potatoes. It is an excellent soil for the use of the 
farmer who desires to combine the growing of special cash crops with 
the practice of general farming and fruit growing. 

Practically all of the Portsmouth sandy loam in the Thorofare 
area is so distributed in long, narrow areas that it does not receive 
distinctive treatment. Yet it is worthy of note that the general farm 
crops and the truck crops are of almost equal area upon this soil. 
Hay occupies more than one-fourth of the entire area of the type. 
Forested areas are next in extent. Corn is grown to an equal extent 
with cabbage and potatoes. ‘Tomatoes and peppers are the only 
other important crops grown. Thus, the tendency is toward the 
growing of general farm crops and late truck crops upon the Ports- 
mouth sandy loam. Where properly drained, the type is well suited 
to this utilization. 


SOIL AND CROP SURVEY OF THE SWEDESBORO AREA. 


In order that a study might be made of the soils in an area largely 
devoted to the growing of sweet potatoes (figures 21 and 22) and 
tomatoes (figures 28, 24, 25, and 26) in addition to the general farm- 
ing crops, a detailed map of the soils and crops was made imme- 
diately north of Swedesboro, Gloucester County, in the summer of 
1915. The map represents the actual crops and soil conditions as 
they existed between the Ist of July and the 15th of August. 

The Swedesboro area is located on the Salem Branch of the West 
Jersey & Seashore Railroad, about 20 miles south of Camden. It 
hes along the north bank of Raccoon Creek at a distance ranging 
from 4 to 64 miles from the Delaware River, and occupies a rolling 
and elevated section consisting of three rather distinct topographic 
features. 

The tide rises in Beccoen Creek to the eastern limits of the area 
surveyed and the immediate banks of the creek are bordered by 
Tidal marsh, part of which has been reclaimed so that it may be used 
for pastures and for the cutting of hay, while the remainder fur- 
nishes some pasturage at low tide. 
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Immediately along the flooded areas the ground rises rather sharply 
to a low terrace which extends interruptedly along the course of the 


near Swedesboro, N. J. 


stream. The frontal slope to tidewater areas is usually rather steep, 
comprising a low cliff which is not included with the tilled upland 


Fig. 22.—Hauling sweet potatoes to Swedesboro, N. J., for shipment. The largest sweet 
potato shipping point in southern New Jersey. 


but is chiefly wooded. Above this frontal slope the terrace rises 


wep + ray 
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terrace is crossed by many local streamways and is thus rendered 
discontinuous and imperfect. It represents an inland extension alone 


Fig. 23.—Harly truck-crop tomatoes on Sassafras sandy loam and Collington fine sandy 
; loam, near Swedesboro, N. J. 


Raccoon Creek of the better-defined terrace which borders the Dela- 
ware River in this vicinity. 


Grove, N. J. 


Practically all that portion of the area which lies to the northwest 
of the Woodbury-Salem pike consists of a gently undulating and 
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slightly dissected portion of a higher terrace. This terrace also 


extends to the southeast of the pike to a distance ranging from one- 
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Fig. 25.—Selling tr highest bidder. A common street scene 


uck-crop tomatoes to the 
in Swedesboro, N. J., during July and early August. 


The general level of the surface of this 
physical division varies between 50 feet and 95 feet above tide level. 


fourth to one-half mile. 


crop tomatoes at a Salem County, N. J., canning factory. 


Pig. 26.—Delivering canning 
The terrace form is most distinctly seen to the northwest of the pike. 
Evidences of the same physical feature may be detected at higher 
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ievels along the Raccoon Creek drainage in the extreme southeastern 
corner of the detailed survey. 

Rising above any of these elevations, a high ridge of land extends 
almost from the margin of the Raccoon Creek swamps, northeasterly 


- across the area to its extreme northeastern corner. The summit of 


this ridge is clearly indicated upon the soil map by the areas oc- 
cupied by the Colts Neck gravelly sandy loam. From this summit 
the land surface slopes rather steeply down to the upper levels of 
the higher terrace. ; 

It is probable that the extreme summit of this higher ridge repre- 
sents remnants of an older formation which has elsewhere been re- 
moved by long-continued erosion. The slopes are undoubtedly 
formed from soil wash from this higher and partly destroyed forma- 
tion, mingled with a considerable amount of material which has been 
brought to its present condition through the weathering of underly- 
ing marl formations. Such areas are particularly in evidence in the 
southeastern third of the area, where considerable tracts of both the 
Collington fine sandy loam and the Colts Neck loamy sand are found. 
These two types owe their origin and characteristics to the influence 
of the underlying marl formations, representing chiefly different 
degrees of weathering to which the original materials have been 
subjected. Where the marls are still comparatively fresh they retain 
much of their original greenish color. Where they have been more 
thoroughly weathered they have assumed a decidedly reddish tinge, 
which serves to differentiate the resulting soils as members of the 
Colts Neck series. 

The greater part of the drainage of the area is accomplished 
through the medium of several smail streams. Those found in the 
eastern and southern parts of the area are tributary to Raccoon 
Creek. Their courses are relatively short and their gradients are 
steep. At their lower ends they have cut deep gorgelike channels 
through the lower terrace. At their upper ends they usually head 
in slight gullies or in springy areas within the upland. The streams 
_of the remainder of the area flow almost directly to the Delaware 
River. They also head in springy areas in the upland. The land 


along their courses through the area mapped in detail is somewhat 


swampy. ‘Their banks are low but steep. 

Drainage is effective over all of the upland, and the run-off is so 
rapid upon the steeper slopes that heavy rains are likely to do some 
damage through erosion of soil from the fields. 

This is particularly the case along the flanks of the ridge crossing 
the southeastern corner of the area. 
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The underlying formations which constitute the basal structure 
of the Swedesboro area consist of distinct layers belonging to the 
marl formations which extend across the State from the Raritan 
Bay to the Delaware River. In the immediate vicinity of Swedes- 
boro these beds consist of a lower layer of dark-colored, nonglau- 
conitic clay, only exposed at the surface in a limited area; of a some- 
what glauconitic sand, which underlies the upland along both sides 
of the Woodbury pike; and of a distinctly glauconitic, or marl sand 
which occurs.along the slopes to Raccoon Creek and also along the 
slopes from the high ridge to the upper rolling terrace. The marly 
material from this formation gives rise to the soils of the Collington 
series either where it outcrops directly at the surface or where the 
same material has been mixed to any considerable extent with the 
later terrace materials. 

The soil-forming materials of the area are derived chiefly from 
later river or estuarine deposits which cover the older formations 
to varying depths, usually ranging from a few inches to an extreme 
depth of 5 to 15 feet. 

The greater part of the soils of the Swedesboro area, including . 
nearly all of the rolling upland of the higher terrace level, has been 
formed from these later deposits, while the soils of the lower terrace 
are more recent and have been formed from materials derived from 
all of the older formations. 

Thirteen distinct soils were mapped in the detailed soil and crop 
map of the Swedesboro area. These fall into four main groups. 
The most extensive and agriculturally the most important soils be- 
long to the Sassafras series, represented by six different types. The 
Collington series is represented by two types and a phase of one of 
them. The Colts Neck series has two soils in the area, while the 
Portsmouth series is represented. by only one. In addition there are 
accessory areas of Rough, broken land, chiefly in forest, and of 
Tidal marsh, used for the growing of hay and for pastures. 

Sassafras coarse sandy loam.—The surface soil of the Sassafras 
coarse sandy loam, to an average depth of about 10 inches, consists 
of a coarse, loamy sand of a brown to yellowish-brown color. There 
is frequently a scattering of fine gravel over the surface. It does 
not interfere with cultivation. The subsoil to a depth of 30 to 32 
inches is a somewhat more coherent, loamy sand containing some 
fine gravel. At about 30 inches in depth the subsoil becomes de- 
cidedly more coherent and a sticky sandy loam subsoil is encountered. 

The surface of the type is either gently sloping or nearly level, 
although shght depressions exist within its area. Drainage is com- 
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monly good to rather excessive. Seepage waters rise nearly to the 
surface at the foot of slopes, rendering the lower lying portions of 
the type somewhat more moist than the general average. The 
natural tendency of the type to excessive drainage has been cor- 
rected’ in the Swedesboro area through the incorporation of large 
quantities of stable manure and of green crops plowed into the 
surface soil. 

The type is practically all cleared and used for intensive forms 
of crop production. 

Sassafr as sandy loam.—The surface soil of the Sassafras sandy 
loam is a brown, loamy, medium sand, 6 to 8 inches deep. It is 
somewhat more pads than in either ike Hartford or the Thoro- 
fare area. The subsoil is a loamy yellow sand to a depth of about 
18 inches, where it is underlain by a sticky, coherent, sandy loam 
of a reddish-yellow color. This is locally termed a “clay.” A 
small amount of gravel is found in both soil and subsoil. 

The surface of the type is gently sloping to nearly level. Drain- 
age is well established but is not usually excessive. 

Sassafras gravelly coarse sandy loam.—The Sassafras gravelly 
coarse sandy loam occupies gravelly slopes and knobs. The surface 
‘soil to a depth of 5 to 10 inches is a yellowish-brown sandy loam filled 
with fine gravel. The pebbles range in size from one-fourth to 14 
inches in diameter. The immediate subsoil is a yellow, gravelly 
loamy sand or gravelly sandy loam. The deeper subsoil usually 
consists of a somewhat compacted and dense gravel bed containing 
only a moderate amount of finer grained material. 

The type occurs on slopes or as small knolls and knobs, and drain- 
age is complete to excessive, ; 

Sassafras coarse sand.—The surface soil of the Sassafras coarse 
sand, to an average depth of about 8 inches, is a brown to yellowish- 
brown coarse sand. It is scarcely coherent and constitutes the most 
sandy soil in the area. The subsoil, extending from a depth of 8 to 
36 inches, consists of a medium yellow sand, slightly orange in color 
in the lower depths. A small amount of fine gravel occurs in the 
deep subsoil. 

The type occurs chiefly on low ridges associated with the Sassafras 
coarse sandy loam and sandy loam. It is well to excessively drained. 

Sassafras fine sandy loam.—The surface soil of the Sassafras fine 
sandy loam, to a depth of about 8 inches, is a brown fine sandy loam 
containing small quantities of fine gravel. From 8 to 16 inches the 
subsoil is a reddish-yellow, sticky, fine sandy loam. This is under- 
lain to a depth of 3 feet or more by a stiff reddish-yellow clay. 

The surface of the type is gently sloping and the drainage is good. 
The stiff subsoil interferes somewhat with internal drainage. — 
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Sassafras loam.—The Sassafras loam is not typical in the Swedes- 
boro area, comprising only two small tracts of loamy wash from the 
upland, accumulated in slight hollows. 

Colts Neck loamy sand.—The surface soil of the Colts Neck loamy 
sand, to a depth of about 8 inches, is a reddish-brown loamy sand. 
The coarse and medium grades of. sand are plentiful and a small 
admixture of fine gravel occurs in the surface soil. The subsoil, to 
a depth of about 20 inches, is a reddish-brown to reddish-yellow 
rather coarse loamy sand. At a depth of 20 to 28 inches this grades 
ito a sticky, mortarlike sandy loam of a decidedly reddish color. 
A small amount of gravel is present in the subsoil and in the lower 
part there is a tendency toward cementation by iron salts. 

The type occupies gentle slopes along the ridge which crosses the 
area. The greater part of the type les well for cultivation, but small 
tracts are rather steeply sloping and inclined to become washed by 
heavy rains. Drainage is excellent. 

This is the principal “red land” soil in the region, ana it 1s espe- 
cially esteemed for the growing of sweet potatoes, which are of 
the highest quality. 

Colts Neck gravelly sandy loanv.—The Colts Neck gravelly sandy 
loam is characterized by a dark, rusty red gravelly loam surface soil, 
having an average depth of about 5 inches. It is underlain to a 
depth of 18 inches by a dark-red, sticky, sandy loam, containing a 
considerable amount of gravel and fragments of iron crust. It is 
frequently hardened through the deposition of iron salts as cement. 
Usually below 18 or 20 inches the deep subsoil is a sticky red clay, 
filled with gravel and broken iron crust. The gravel in this type is a 
honey-colored quartz gravel ranging in size from one-half inch to 2 
inches in diameter. 

The Colts Neck gravelly sandy loam occupies the highest ridges 
in the area and forms separated knolls of some elevation. It has 
suffered to some extent from erosion and is quite generally left in 
forest. It has been utilized to a limited extent for peach orchards. 

Collington fine sandy loam.—The Collington fine sandy loam does 
not differ materially in the Swedesboro area from its occurrences in 
the Hartford and Thorofare areas, except that there are local accu- 
mulations of fine sand on some of the slopes which render the total 
depth of the surface soil greater than is usual. There are within the 
limits of the Collington fine sandy loam certain steep slopes that 
have suffered from considerable erosion. On these slopes the surface 
soil is only 2 or 3 inches thick and in many cases the compact subsoil 
is exposed. This phase is of no great importance either in the 
Swedesboro area or elsewhere in southern New Jersey. 
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Collington, gravelly sandy loam.—The surface soil of the Colling- 
ton gravelly sandy loam, to a depth of about 6 inches, is a brown 
sand, well filled with small white quartz pebbles. The subsoil, to a 
depth of about 24 inches, is a greenish-yellow gravelly sand. It is 
usually compact and so filled with gravel as to .be almost impene- 
trable. This rests upon a greenish-yellow sticky sandy loam or upon 
the unweathered greensand at a depth of about 24 inches. 

The type occurs as narrow bands and small scattered areas asso- 
ciated with the Collington fine sandy loam. 

Where the type occurs as narrow belts in better arable soils it is 
tilled. Along the margins of areas or on stream slopes it is usually 
left in forest. 

Portsmouth sandy loanu.—This type is the same as described in the 
Hartford and Thorofare areas. It occurs only around stream heads 
where drainage has been partially established. Where drained it is 
used for growing general farm crops. 

Small areas of the Hyde sandy loam, of the Freneau sandy loam, 
and of fresh-water swamp were also mapped, together with the up- 
land types. They are chiefly or entirely used for pasture and their 
area is not considered in detail in the discussion of the upland soils 
and their crop uses. ; 

The total and relative areas of the different upland soils is shown 


in Table VIII: 


TasLeE VIII.—#H«atent of different soil types, Swedesboro area. 


pay Propor- 
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Soil. peas | total Soil. a ees tt hotel 
plee’--! occupied pec! occupied 
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Acres. | Per cent. Acres. | Per cent. 
: 127.3 5.1 


Sassafras coarse sandy loam - - - 932.9 Collington fine sandy loam. . - 
Sassafras sandy loam... ----..- 638. 4 25.6 || Collington fine sandy loam, 
Sassafras gravelly coarse sandy eroded phase --..-...------ 19.0 Ah 
lofNai Ss Saesanacoorsasone ae 119. 7 4.8 || Collington gravelly sandy 
Sassafras coarse sand. . --- 117.8 4.8 LOaMe tet antes semen 22.8 9 
Sassafras fine sandy loam..... 13.33 .5 || Portsmouth sandy loam....-- 96.9 3.9 
Sassafras loam.....-...-----.-- 3.8 ne 
Colts Neck loamy sand.. -.--. 319. 2 12.8 Mboelle. -Homscsesccoost se 2,490.9 100.0 
Colts Neck gravelly sandy 
ketone a rs dae aqasucencrseens 79.8 3.2 


It will be observed that while there is a considerable variety both 
in the origin and in the texture of the different soils as mapped, yet 
the area as a whole is dominated by sandy and sandy loam soils, and 
that the soils of the Sassafras-series are of the greatest importance, 
two types of that series comprising 63.1 per cent of the total area 
mapped. The Colts Neck loamy sand and the Collington fine sandy 
loam are the only types of any extent which do not fall within the 
limits of the Sassafras series. Nearly 76 per cent of the total area 
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is covered by three types. These are the Sassafras coarse sandy 
loam, 37.5 per cent; the Sassafras sandy loam, 25.6 per cent; and the 
Colts Neck loamy sand, 12.8 per cent. 


USES OF SOILS. 


The table showing the extent of the different soil types gives an 
indication of the prevalently sandy nature of the soils included in 
the Swedesboro area. Table IX, giving crop acreages, reflects the 
nature of the soils, since it shows that 52.6 per cent of the total area 
of occupied land is given to the growing of truck crops, while only 
37.1 per cent is utilized for the general farm crops. 


Taste IX.—Proportion of total area and of the area of each soil type occupied 
by various crops and groups of crops, Swedesboro area. 


Sassafras Collington 
Sassafras Colts Neck 
: All types. coarsy Saney) sandy loam. | loamy sand. Ao ey 
Crop group and crop. 
Per Per Per Per Per 
Acres aerate. Acres. Conte Acres. eartrl Acres. penta Acres. cont 
General farm crops..---.------ 923.4 | 37.1 | 342.0 | 36.6] 275.5 | 43.2 89.3 | 28.0 34.2] 26.9 
(CfOTRII eScoeis Aece epee a ree 385.7 | 15.5 | 123.5 | 13.2] 127.3 20:0 32.3 | 10.1 22.8 | 17.9 
CN Soe G Aas as Se ae eee 264.1 | 10.6} 123.5 | 13.2 83.6 | 13.1 ZORON Rate: 1.9 1.5 
BAU Fa Taare se aerse e cai ce 45.6 1.8 IB Ale 15.2 | 2.4 Boe | 1.2 1.9 1.5 
RASC eee eas setae 138.7 | 5.6 41.8] 4.5 oY) Gell, SSMU Beers eeanee 7.6 6.0 
TR pone ee eee aa eee 41.8 | 1.7 26.6 | 2.9 5.7 9 ia hee ae aes as 
Cowpmeass=ses- 2.2 S252 228s 36.1 1.4 AS Olle ee 11.4) 1.8 ae fesd Wal Se vac alleen ene (UNS 
LIER 5. 2 Gece ea ane aes 7.6 503 7.6 Ce edict al ecw ISSBeE es laSee aa eae yer else ares 
OBS eaieeeisee sees s ee cise 3.8 a2) Wp eee eels eeealeeat <2 1.9 PO Siaelemetee heres 
MTC KA CTODS aoc eis oe < es- 1,311.0 | 52.6 | 499.7 | 53.5] 304.0 | 47.6 | 207.1 | 65.0 76.0} 59.8 
Sweet: potatoes. -.......-.- 560.5 | 22.5 | 205.2 | 22.0] 155.8 | 24.4 79.8 | 25.0 30.4 | 23.9 
BIROTYTEGOCS Eee he ayer (hee 364.8 | 14.7] 121.6 | 13.0 89.3 | 14.0 ape) Alas) 30.4 | 23.9 
PASMATACUIS 2)h2 seem. le HAI Is tee 91.2] 9.8 20.9} 3.3 BB GS 7 11.4 9.0 
IROtATOCS a aac sete sis nae: Donk) = 202, 19.0! 2.0 ale 256 1.9 ALO Peeiseriersl le iss ce 
GCantaloupes==s- 552222222. - BS. |p BA SEA Bb YT 3.8 6 7.6 | 2.4 1.9 116 
Watermelons..........---- 26.6 | 1.1 7.6 te) 3.8 .6 BoA | Ue 1.9 i156) 
Squash and pumpkins....| 24.7] 1.1 1.9 a2) @. || a6 1.9 ACR [arp ee hares 
IROPDCLSe ecto os Secs ts 15.2 6 3.8 «4 3.8 Gill caaseoenl Paeee lsoaenls calemacec 
OMIOnG ee see ssa e 7.6 3 7.6 ni We Soecao Saseed meeeE ean secese asseaete sm scee 
yee leat ee i an 5.7 m2) 3.8 HAT a eee: OIL SU oye 1.9 (Gia eae ia Ss 
Miscellaneous vegetables -. 3.8 2) 3.8 Be fees are GPEC CER eel ese ied [eaeiicl eras 
FEU CROPSeese se oe ose acts a3 102.6 | 4.1 a GeO) 24.7] 3.9 Ohi ekO) eacoccd sconce 
OiOneinGlosaLsasdousesoseee ORI | ei 45.6 | 5.0 24.7] 3.9 Qo bile wou Orie wena ates |e soale 
ISGIMES. Ss Sedat aeesosenes 9.5 4 OL O4 ee O ces oanu Aeoeselleedarcos|cosssolsacooupclloboads 
IN@ Qyavaygell GRO) = o4 se eaoeoe 153.9} 6.1 RG. Tl |) Bh) 34.2 | 5.3 13.3 | 4:2 17.1] 13.4 
_ Garden and grounds. ..... SEA Bae 22.8 | 2.5 26.6} 4.1 G0 |) 204 11.4 9.0 
WOO Sig Hao cer ae He aa eee 41.8] 1.7 7.6 8 Be 7 9 1.9 Gio seyoeets eee 
IND CIODase assess - ssc 30.4 Le 2) 5.7 .6 1.9 .3 Bote) | UG 5.7 4.4 
Grandio tales 542 s.ssc202+--- = 2,490.9 |100.1 | 932.9 |100.0 | 638.4 /100.0 | «319.2 |100.0 | 127.3 | 100.0 


Hyde sandy loam (in pasture and hay), 7.6 acres. 
Freneau loam (chiefly in pasture), 79.8 acres. 
Rough broken land (chiefly in forest), 57 acres. 
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Tasir [X.—Proportion of total area and of the area of each soil type occupied by 
various crops and groups of crops, Swedesboro area—Continued. 


With reference to specific crops, sweet potatoes lead all other crops 
in acreage, followed in order of extent by corn, tomatoes, and hay. 
The large acreage of pasture arises from the fact that mowing lands 
are grazed in rotation in this area before being plowed for the 


growing of a tilled crop. 


Asparagus ranks next to these crops in 


acreage, while the other truck crops are found in subordinate though 


importa 


nt acreages. 


As in the Thorofare area, the Irish potato crop is decidedly of 
minor importance upon the sandy soils. 


Sassafras gray- | « f Port th Colts Neck 
elly coarse ESEDMEIS ETSY OF UST OU! gravelly sand 
sandy loam. sand. sandy loam. Ga 
Crop group and crop. 
Per Per Per Per 
Acres. sais. Acres aoa. Acres eerie Acres. ash. 
Generalitarmicropssess sess eee eee 43.7 36.4 36.1 30.6 55.1 56.1 32.3 40.3 
(COT ee aes ee IO Ee ae 24.7 20.6 17 i 14.5 Tlseh ie able 7 20.9 26.1 
NETS yaa mes (Sa ce AE ees eee oe 7.6 6.3 13.3 11.3 3.8 | 3.9 3.8 4.7 
All falar setae snes Sosse sees cece 1.9 1.6 5.7 4: Sill sete ce laeeens es 1.9 2.4 ; 
Ras GuUneti ascites ose ace 7.6 GxOn tee meee | Pas oe ee 39.9 Zu Kea Wl egy ee ee ; 
1 Rese e aR SRee eR OE Renesas Gnon Seonese ol badaeeas asacr seq bhGtase ae ose tnaa Pea abeoe 1.9 2.4 
OlOWISEE Ss occcossseesccesbeasess 1.9 Ua |lsceeress|szesencs|lecsesee s/aagceeo- 3.8 4.7 
ERT LICKCTOPSE Com eda aan t 66.5| 55.4] 77.9|, 66.0] 19.0] 19.5] 92.8 2.5 4 
Sweet potatoes: ------:-.-.--.--=- 32.3 26.9 38.0 32.0 1.9 2.0 11.4 | 14.3 
MOMATOCS =. <Seaieee ee ee ee eee 19.0 15.8 20.9 17.8 5.7, 5.8 3.8 4.7 
Asparagus 3.8 3.2 9.5 SSOh seco easel eeicetre 1.9 2.4 
Rola boesermee reese =e arene aoe 3.8 6b7))|\ecnsu5 5 aoeeeeae 5.7 OL On| ewtee salicceeeeee 
Cantaloupes:zace-- asc ase eae. | Uc) 1.6 3.8 CB7 4 leaker ‘cllpeecoeoe i®) 2.4 
Watermelons. - -- -- Seeosceosssedeesencecaleconges2|ooossess[=aeseeacloocaooas|lesancces 3.8 4.7 . 
Squash and pumpkins. .-..----.-. 5.7 4.7 3.8 3.2 1.9 POR Ui Nese sea stsey | iets — 
123) 0) NES oo abaeo cree econdedasode boson sseleasceca= 1.9 1.6 3.8 3.0 me sctoe let eeaee 
InULCTODSeasceeer eens eo een eerie iL) 1.6 Lg) 1.6 1.9 2.0 7.6 9.5 
Orchard) 4 sere ae eee eles 1.9 1.6 1.9 1.6 1.9 2.0 7.6 9.5 
INI Mawel Ono. 22h -5-Sscesascegssac 7.6 6.4 1.9 1.6 20.9 21.6 rea 21.4 
Garden and grounds. ..........-- | 3.8 38} 1.9 1.6 1.9 2.0 1.9 2.4 
Horest- == Beeaeveceecesases sae Noose aselbSsaco sn pan ssSs/saueasos 15.2 15.7 11.4 14.3 
INO‘CLOP Se oes eet esse tee see eee | 3.8 S29] ee 2 | 3.8 3.9 3.8 4.7 
Grand totale. se) ake. secu es ssske cee 119.7 99.8 | 117.8 99.8 96.9 99.8 79.8 99.7 
Collington Collington fine 
gravelly sandy | sandy loam Sasseitas ine Sassaaes 
‘loam. (eroded phase). y : Oat. 
Crop group and crop. : = 
Per Per Per Per | 
Acres. eon Acres. aesiti. Acres pani Acres aaith. | 
TE OMe 40101 ae seed eae oe 3.8] 100.0 | 
9.7 S30: OU Sos eee Se Se eee ee oe ee ; 
3. 1.9 10) OF |ceeeee esas ase 3.8 100.0 
IRMICKICTOPSsese ss Sse eee eee 15.2 66.7 11.4 60.0. 11.4 pa Ri ll ede aeeh ahh be 
Sweet potatoes... -. 2... 22222228: ig) 8.3 3.8 PAU UE ease eerste bie che Meme a 
MOMALOESH ease soe eee Ste aes 9.5 41.7 3.8 20.0 5.7 ce AS Hepes eat exer ee 
IROtatOeSE ee ase sere ete meee 3.8 KORY fel asses oareee 3.8 2829))| Sees e ee eee 
Wratermelons e222 2e seers: cece salen ene sale oeee ec 3.8 20.'0),| eee Se he. Sea easel ees 
IGN Nes 57 Saoeeerecos sseeuecosses|sossedee| lao seaesn|eehaasellnqgssoeas 1.9 143i |fe2seee lee sese 
NO CITT N ORD akcnansssedescodsess Byer stello) Tyersal Ream art coe MOY [rar TAS ee oe |e ea 
Garden and grounds. ...........- L®) Choilsaniceiceulsacdeseoe Ie) IVS) lee eel ee es 7 
ISO) (CO) D)- 55 Sse snbancswasssossess 19) Sa9 ees Seealieatscs ccc | Sees eeu Dee om Om IN She ey yah Same ae 
GrandWiotalanee Sseacescee cera: eae 22.8} 100.0 19.0 | 100.0 13.3 | 100.0 | 3.8 100.0 
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It is probable that the grain crops would have been recorded in 
‘considerably greater area if the survey had been made earlier in the 
year, since rye is very commonly grown as a winter cover crop, either 
to be turned under as a green manure or to be cut as a forage crop. 
In general the small grains are neither suited to production upon the 
soils of this locality nor able to compete in acreage value with the 
truck crops, corn, or alfalfa, so that the area of the more sandy soils 
devoted to them is small. 

The section immediately around Swedesboro furnishes a sharp 
contrast in this respect to the soils in the vicinity of Woodstown. In 
that locality the Sassafras loam and sandy loam predominate and 


Fig. 27.—Cultivating asparagus on the Sassafras coarse sandy loam, near Swedesboro, N. J. 


the small grains, chiefly wheat, are extensively and profitably grown. 
The influence of the soil upon the character of cropping is clear. 
The Sassafras coarse sandy loam dominates the area, forming 37.5 
per cent of the acreage tabulated. In consequence the crop occupa- 
tion of this type does not differ materially from that shown by the 
percentages for the entire area. The wide use of this soil for grow- 
ing a variety of truck crops is demonstrated by the fact that 10 
different crops are encountered on the type and that truck crops 
occupy 53.5 per cent of its entire cropped area. A slight preference 
for this type for asparagus culture is shown. (Fig. 27.) The de- 
sirability of this soil for truck-crop production is well shown by the 
fact that more than 96 per cent of its area is used for some form of 
cropping, while truck crops occupy a greater area than all other 
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forms of use. The other general farm crops are grown in well- 
balanced rotation with them. 

The Sassafras sandy loam is the only type of any extent upon 
which the general farm crops occur in area greater than the standard 
for all types. Even on this type the truck crops exceed the general 
farm crops in importance. As in the Thorofare area it is evident 
that this type is suited to a wide range of crop uses. The fact that 
a relatively small acreage of asparagus is grown on the Sassafras 
sandy loam should also be observed. The deeper sandy soils are 
preferred for that crop as at Thorofare. 

The Colts Neck loamy sandy is third in area of the types mapped. 
Its use for truck crops is distinct, since they occupy 65 per cent of 
its area. The local preference for this soil for sweet potato growing 
is also well indicated by the map, 25 per cent of its area being given 
to that crop. It is also an important soil for growing asparagus 
and tomatoes. — 

The Collington fine sandy loam occupies but 5 per cent of the total 
_area of the survey, but is very thoroughly brought under cultivation. 
Sweet potatoes, tomatoes, and asparagus are the chief truck crops 
grown upon it, while corn is the only important general farm crop. 

The other soil types mapped in the Swedesboro area are relatively 
of unimportant extent. It is seen that the more sandy soils are 
chiefly utilized for truck-crop production, while those of heavier 
texture or those whose natural drainage conditions are not good are 
chiefly occupied by general farm crops, and that in some instances 
forest and pasture land dominate. It should be stated that the small 
area mapped as Sassafras loam is scarcely typical, since it occurs in 
two small depressions where loamy wash from the upland soils has 
accumulated. It is only used for pasture and for hay growing. 

The facts shown by the Swedesboro map will justify the assertion 
that the presence of suitable sandy or sandy loam soils, even at 
some distance from city markets, results in southern New Jersey 
in the adoption of farm practices which strongly tend toward truck- 
crop production. 


COMPARISON OF THE DETAILED AREAS. 


The four areas for which these detailed soil and crop maps were 
made were selected primarily to secure a representative condition of 
cropping for each of the more extensive and important soils found 
in southern New Jersey. It was also found to be possible to locate 
them in such a manner that contrasts between important soil types 
and their influence upon cropping and agricultural practice were 
possible. Thus, the Freehold and Sweedesboro areas may easily 
be contrasted and the Hartford and Thorofare areas form a couple 
well suited to the study of the influence of soil upon crop practices. 
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FREEHOLD AND SWEDESBORO AREAS CONTRASTED. 


The Freehold and Swedesboro areas show sharp contrasts in crop- 
ping. The two areas illustrate the extremes in development which 
may be attained in this region as a result of the selection of specific 
crops suitable to different soils, 

The areas included in the two surveys are very nearly the equal 
in extent. The Freehold area comprises 2,507.1 acres of crops, the 
Sweedesboro area 2,490.9 acres. 

In the Freehold area 93.2 per cent of the area is made up of loam 
soils or heavier. The Sassafras loam alone occupies 83.7 per cent of 
the total. In the Swedesboro area practically the entire extent of 
the area is made up of sandy loam and sandy soils. 

In the Freehold area the general farm crops occupy 50.7 of the 
total area and Irish potatoes cover 39.7 per cent. In the Swedesboro 
area truck crops cover 52.6 per cent of the area, while the general 
farm crops drop to 37.1 per cent. The areas in fruit crops are 
nearly the same for the two areas. The area not planted to crops 
is slightly higher in the Swedesboro area but in both areas it is 
practically negligible. 

Trish potatoes lead all other crops in acreage in the Freehold area. 
They are the chief cash crop and they are the special crop most 
successfully grown on a loamy soil. Moreover, it is known that the 
dominant soil of the area, the Sassafras loam, is there and elsewhere 
the preferred potato soil of all New Jersey. 

In the Swedesboro area, sweet potatoes occupy the greatest acreage, 
covering 22.5 per cent of all cropped land. They are grown on the 
more sandy soils to an extent somewhat greater than upon the sandy 
loams of that area. Corn is second in importance and then tomatoes 
follow with a relative extent of 14.7 per cent of the area. In all, 
13 truck crops are grown to some extent. Practically no small grains 
are grown except as cover crops. 

The Freehold area is located a little farther from the New York 
market than Swedesboro is from the Philadelphia market. In 
both cases access to either market is easy. In both cases a large part 
of the special crops grown is marketed in other localities than these 
two cities. 

Consequently, the differences in cropping that have been shown to 
exist in these two cases must be ascribed to the demonstrated differ- 
ences in soil conditions, possibly modified to a slight degree by the 
traditions of agriculture in the two localities. 

Stated more specifically, the loam soils of the area around Free- 
hold are naturally better adapted to the growing of corn, hay, small 
grains, and Irish potatoes than to any other products of the soil 
suited to the prevailing climate. The sandy loam and sandy soils of 
the area around Swedesboro are inherently better suited to the produc- 
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tion of special truck crops, especially sweet potatoes, tomatoes, can- 
taloupes, asparagus, watermelons, and peppers, than to the produc- 
tion of the majority of general farm crops. Corn and hay may be 
grown in a supplementary way, and several of the sandy loam 
types are inherently suited to corn growing. Other types, not so 
well adapted to general farming under normal conditions have 
been so well supplied with organic manures in the form of green 
cover crops plowed under and also stable manure, generously ap- 
plied, that they are capable of growing corn crops far above their 
normal capacity. 3 

Both of these areas are representative of considerable regions in 
southern New Jersey and, so far as reconnoissance’ observations 
could be depended upon, they were but intensified illustrations of 
what may be accomplished upon the same soils wherever they occur 
in the general region. 


HARTFORD AND THOROFARE AREAS CONTRASTED. 


Certain contrasts between the Hartford and Thorofare areas have 
been drawn in part. 

In the Hartford area the dominant soils are the Sassafras loam 
and sandy loam, covering 70.8 per cent of the tilled area. Their oc- 
cupation by crops is comparable to that of the Freehold area, al- 
though differing somewhat in detail. The area as a whole supports 
42.0 per cent of general farm crops and 31.2 per cent of truck crops, 
cf which 18 per cent is credited to Irish potatoes.’ Other truck crops, 
aside from tomatoes and cabbage, both of which are suited to loam 
and sandy loam soils, are decidedly unimportant, although the other 
soils of the area are capable of truck-crop occupation. 

In the Thorofare area 69.3 per cent is occupied by the Sassafras sand. 
The Sassafras sandy loam is the most retentive soil found within the 
limits of the survey. It occupies 18.3 per cent of the cropped area. 
The truck crops not only cover 62.9 per cent of the occupied land of 
the Thorofare area, but four of them—asparagus, sweet potatoes, to- 
matoes, and cantaloupes—lead all other crops in acreage, ranking 
in extent in the order named. The acreage planted to asparagus 
nearly equals that given to the combined area of corn and hay. 

Such facts mark the Thorofare area as one of the most highly 
specialized trucking areas in southern New Jersey. This specializa- 
tion has been made possible by the existence there of the Sassafras 
sand. 

The general facts shown by the comparison of the Hartford and 
Thorofare areas are: (1) The areas are equally well situated with 
respect to climate, markets, and transportation. (2) Loam and 
sandy loam soils dominate the Hartford area and general farm crops 
are there more extensively grown than truck crops. Among the lat- 
ter, potatoes and tomatoes are by far the most important. (3) Sand 
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and sandy loam soils dominate the Thorofare area. The preponder- 
ance of truck crops over general farm crops is marked and four truck 
crops lead any general farm crop in acreage. Even Irish potatoes 
are a negligible crop on the Sassafras sand, the chief acreage pee 
grown on the sandy loam. 

The conclusion to be drawn is that sandy soils are best suited to the 
production of truck crops. They are not well suited to the profitable 
production of general farm crops. These facts are well known in 
southern New Jersey and the farm practices of the region have be- 
come adjusted to them. 

Again the differences in cropping which have been shown to exist 
may be exactly correlated with the differences in the properties of the 
prevailing soils. 


RELATION OF SOILS TO CROP USES IN THE DETAILED AREAS. 


The four areas of which detailed soil and crop maps were made in 
1914 and 1915 in southern New Jersey show a total measured 
area of 8,848.5 acres, while 8,919.6 acres of different classes of occu- 
pation were recorded. This over-run of occupation above total acre- 
age is due to the fact that interplanting of crops is a common prac- 
tice in three of the areas. The most notable instances are those in 
which berries, corn, or truck crops are planted between the rows of 
orchard trees. There are also many notable instances in which the 
various truck crops are interplanted. Chief among these are the 
growing of an early crop of peas with such spacing that tomatoes 
may be set between the rows, the interplanting of beans or peas be- 
tween the rows in young asparagus beds, the planting of tomatoes 
between the rows of young strawberry beds, and the growing of a 
rapid succession of minor vegetables to aid in making up a varied 
load of produce on the market wagon. 

Naturally, such practices are more evident where intensive truck- 
ing prevails and are chiefly to be found in the Thorofare area. 

A tabulation of the different soil types encountered in the four 
soil and crep surveys shows that there are 11 types which are of sufli- 
cient extent to be considered dominant soils. There are also 10 other 
types which are of minor extent. These 21 different types, therefore, 
are separated into two main groups, the dominant soils, which exert 
an appreciable influence upon the agriculture of the areas, and the 
subordinate soils, which are of little agricultural importance within 
the limits of “hase surveys. 

The dominant soils are arranged into three subgroups. Those 
soils which are marked by complete surface and internal drainage to 
such a degree as to tend toward a droughty condition are classed in 
the sand and coarse sandy loam group. Those which are decidedly 
retentive of moisture, either through circumstances of texture or 
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because of topographic position, are grouped in the loam and sandy 
loam group. One type is intermediate in texture and water-holding 
capacity, and this forms the fine sandy loam group. 

The relationships of the dominant and of the subordinate soils to 
crop production and the relationships of the three groups to each 
other are shown in Table X: : 


TABLE X.—Proportion of total area and of the area of each type occupied by 
various crops and groups of crops in the four detailed areas. 


DOMINANT SOILS. 


General farm . No 1 
ove) Area Truck crops. cops? Fruit crops. | ~ oe 
Soiland soil group. - 
LENGE || WAKO Per Per Per Per 
ured etc Acres. Gant Acres. Gem Acres. aoa Acres. aaa 
T. SAND AND COARSE SANDY 
LoaM GROUP. Acres. | Acres. 
Sesgainmas spuncl. oo Jee 934.8 | 940.5] 693.5] 73.6 81.7) 8.7 TB TG 93.1 9.9 
Sassafras coarse sand......-- 115.9) 117.8 77.9 | 66.0 36.1 | 30.6 On el 1.9 1.6 
Colts Neck loamy sand....-. 317.3 | 319.2] 207.1] 65.0 89.3 | 28.0 9.5] 3.0 13.3 4.2 
Sassafras gravelly coarse 
Spanghy IWant; So scncassceuce 117.8 | 119.7 66.5 | 55.4 43.7 | 36.4 9G 7.6 6.4 
Sueatins coarse sandy loam.) 908.2] 932.9] 499.6]! 53.5! 342.0 | 36.6 55.1 | 6.0 36.1 3.9 
> 2,394.0 |2, 430.1 |1,544.6 | 63.6 | 592.8 | 24.4 | 140.6} 5.8} 152.0 6.2 
Il. Fine Sanpy LoAmM 
GROUP. : ke 
Collington fine sandy loam..| 275.5 | 279.3; 144.4 | 51.7 70.3 | 25.1 30.4 | 10.9 BYE} || PLB 
275.5 279.3 144.4 | 51.7 GLB |) 27S, I 30.4 | 10.9 34.2)) 12.3 
III. Loam AND SANDY 
LOAM GROUP. — 
Sassatrasiloam™= ss. ceee seeee. 3,024.5 |3,041.2 |1, 235.6 | 40.6 |1, 523.9 | 50.1 146.6] 4.8] 135.1 4.4 
Portsmouth sandy loam..... 245.1 | 250.8 79.8 | 31.8] 115.9 | 46.5 1833} |) G68} 41.8] 16.7 
Sassafras sandy loam..._.__. 1,487.4 |1,510.1 | 605.4) 40.1] 646.1] 42.7] 120.2] 8.0] 188.4 9.2 
Colts sae gravelly sandy 
LORNA eee oe eens 7.9 79.8 22.8 | 28.5 32.3 | 40.3 7.6] 9.5 17.1] 21.4 
Goliaat on sandy loam (deep 
NON) ScdoadosnoubaooKssee 108.3 | 115.9 34.2 | 29.6 45.6 | 39.3 30.4 | 26.2 5.7 4.9 
fy 4,943.2 |4, 997.8 |1,977.8 | 39.6 |2,363.8 | 47.3] 318.1| 6.4] 338.1] 6.7 
SUBORDINATE SOILS. 
IV. ALL TEXTURES.1 
Collington sand___.......... 281.2) 283.1 ei \ Os) 60.8 | 21.9 20.9| 7.4] 184.3] 64.8 
Colts Neck sandy loam...... 65.9 65. 7 13.1 | 20.0 47.0 | 71.5 156 250) 4.0 6.0 
Collington sandy loam __.__- 53.3 55.9 12.7 | 22.8 24.2 | 43.3 17.1 | 30.2 1.9 3.4 
Sassafras fine sandy loam. i1G}38) 18,8} TUTE al CSS7 (oS Pagal ce 2 ae lbs ae 1.9| 14.3 
Collington fine sandy loam 
(eroded phase)__......\... 19.0 19.0 11.4 | 60.0 126: |v SOLON Pereeese le cis aye oon pee 
Colts Neck loam...........- 68. 5 68. 2 12.2 | 18.0 GPRM Te || ecsGeclgosaes 3.6 5.2 
Collingtonloam.._._......-. 46.1 42.4 32.0 | 75.5 9.4 | 22.1 AS ON i283 5 | ae a aes eee 
Er liksfOms) OST es ee 30. 4 30. 4 OLS |} Ril.3 17.1 | 56.3 B88i elas ol bee aeaeal eens 
Collington clay loam. __.... 15. 4 15.3 5.6 | 36.6 4.1] 26.8 EEO in Iaccosadallacsenc 
Collington gravelly sandy 
LOAM nec eceaeee sence 22.8 22.8 15.2 | 66.7 GA bal heed Maley (Carts Ste Ui re ps co 3.8} 16.6 
| | 
615.9 | 616.1 140.2 | 22.8 | 226.4 | 36.8 50.0 { 8.1 | 199.5 | 32.3 
SUMMARY. 
I. Sand and coarse sandy 
loamieroupeeesesese. 2,394.0 |2, 430.1 |1, 544.6 | 63.6 592.8 | 24.4 140.6 5.8 152.0 6.2 
II. Fine sandy loam group.| 275.5 | 279.3 144.4 | 51.7 CAVES || G45 I 30.4 | 10.9 34.2 | 12.3 
Til. ee a sandy loam 
Hee Ge ear sees 4,943.2 |/4,997.8 |1,977.8 | 39.6 |2,363.8 | 47.3 | 318.1] 6.4] 338.1 6.7 
INY, crnoraine soils, all 
LeXtuLeSeeeee ee eee 615.9} 616.1 140.2 | 22.8 | 226.4 | 36.8 50.0-} 8.1 199.5 | 32.3 
All types, four detailed : 
ALCAS Eerie eee er econ 8, 228.6 |8, 323.3 |3,807.0 | 45.7 |3, 253.3 | 39.1] 539.1] 6.5] 723.8 8.7 


1 Freneau loam, of Freehold area, omitted 
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In this table the total measured area of each type, the area occu- 
pied for different purposes connected with agriculture, and the 
areas and percentages of the different classes of occupation are sum- 
marized from the detailed tables given in the presentation of the 
facts concerning each of the four areas. The same classification of 
_ crops is made as in the detailed tables. 

The final classification of all soil and crop areas mapped is shown 
in the summary given in this table. 

The notable facts derived from this tabulation may be briefly 
stated. 

With respect to the soils of the sand and coarse sandy loam group, 
it is shown that truck crops are of chief importance, covering 63.6 
per cent of the total cropped area. General farm crops cover only 
24.4 per cent, while orchard and other fruit crops cover 5.8 per cent. 

Only 6.2 per cent of the group is not occupied for the growing of 
these crops. 

In contrast, the soils of the loam and sandy loam group have only 
39.6 per cent of their area in truck crops, including Irish potatoes in 
this class, while 47.3 per cent is in general farm crops and 6.4 per 
cent in fruit crops. The area not cropped is again small, compris- 
ing only 6.7 per cent of the total. 

The fine sandy loam group is intermediate between the two other 
groups, carrying 51.7 per cent of truck crops and 25.1 per cent of 
‘general farm crops, but showing 10.9 per cent of fruit crops and 
12.3 per cent of area not occupied by annual or orchard crops. 

The preferred uses of the different types are capable of a degree of 
mathematical approximation through a comparison of the relative 
areas of each crop and group of crops supported by the different soil 
types. Thus, for truck-crop production the Sassafras sand takes 
leading rank, with 73.6 per cent of its area occupied by such crops. 
The other soils of this group are arranged under this type in the 
order of their relative importance in truck-crop production. The 
lowest percentages of truck crops found on any soil in the group is 
53.5 per cent. It is notable that the three sandy soils in the group 
considerably outrank the two coarse sandy loams in percentage of 
truck-crop maintenance ‘This is almost sufficient to justify a sub- 
grouping within the group. 

Within the loam and sandy loam group the highest percentages 
given to any class of truck crops is found on the Sassafras loam with 

40.6 per cent of its area given to such crops. This is almost equalled 
by the Sassafras sandy loam, with 40.1 per cent of the truck crops. 
In both of these cases the high percentage must be ascribed to the 
large areas of Irish potatoes grown upon the two types. The grow- 
ing of other truck crops than potatoes and tomatoes on either of 
these soils is negligible. : 
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The soils of this group were not arranged, however, with respect 
to their utilization for truck-crop production, since that is a matter 
which is of secondary importance in their case. The arrangement 
is made on the basis of the percentage of their areas given to general 
farm crops. The Portsmouth sandy loam takes second rank, not so 
much because of its texture as because of its low-lying topographic 
position. It is so situated as to be permanently moist and this gives 
rise to its use for the growing of hay and corn to a degree exceeding 
what might be expected from its sandy texture. 

Without reference to the absolute figures, it should be noted that 
each type in this group supports a higher percentage of general farm 
crops than of truck crops. 

The single type in the fine sandy loam group is hardly sufficient to 
form a basis for any decided conclusions beyond the fact that it falls 
between the extremes set by the sandy soils on the one hand and the 
more loamy soils on the other. 

No very definite conclusions with respect to the crop occupation of 
the subordinate soils should be drawn from the figures given. It 
is evident, however, that the Collington sand is found to be too 
porous and droughty for any large amount of farm occupation. The 
use of the Collington loam and sandy loam and the Elkton loam 
for the growing of general farm crops and potatoes is in accord with 
the general conditions observed over considerable areas of these types 
included in the reconnoissance work in southern New Jersey. 

It is apparent from these tables that soils may be classed according 
to their textural peculiarities in rather close accord with the fact of 
crop occupation within an area of well developed and specialized 
farming such as that of southern New Jersey. 

The table shows that the balance between general farming and 
truck-crop production within these four areas is a graduated matter 
of soil-texture control. The truck crops dominate the sandy soils, 
and the general farm crops dominate the loamy soils. There is 
a fairly definite graduation in the crop occupation of the types 
from the sandy soils, through the coarser sandy loams and the 
heavier sandy loams, to the loams at the other end of the scale. The 
consonance between texture and crop uses is too close through the 
entire set of dominant soils to be considered as any mere matter of 
accidental coincidence. Moreover, the four areas are too widely 
separated geographically to permit one to attribute this consonance 
to the possible influence of prejudice in soil selection for crop grow- 
ing as might be the case in a single community more or less wedded 
to a traditional system of agriculture. 

The practical application of the soil-survey classification of soils 
to the needs of progressive agriculture with respect to the selection 
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of specific crops for definite soils is held to be proved through the 
results of these surveys of both soils and crops. 


RELATIONSHIP BETWEEN SPECIAL CROPS AND DEFINITE SOIL 
TYPES. 


The figures of crop acreages have been tabulated to show the 
kinds of soils actually used for each of the special crops extensively 
grown in the territory. 

_ Sufficient areas of potatoes, sweet potatoes, tomatoes, asparagus, 
and cantaloupes were mapped on the different soils to form a basis 
for conclusions to be drawn regarding these crops. These constitute 
by far the most important truck crops grown in southern New 
Jersey. 

These crops and their soil relationships are summarized in Tables 


XI and X11: 


TABLE X1.—Relation of soils and groups of soils to important special crops, 
summarized from the tables covering the four detailed areas, 


Sweet pota- 
Total Potatoes. ancl Tomatoes. | Asparagus. | Cantaloupes. 
Type and group. arene 

etc. Per Per Per Per Per 
Acres. wait, Acres. oir. Acres. Cont Acres. rare. Acres. eons 

JT. SAND AND COARSE 

Sanpy LOAM GROUP. 

Acres. 

Sassairas'samd:---.....-.- 940. 5 ib®) 0.0 | 153.9 | 16.4 | 104.5 | 11.1 | 191.9 | 20.4 | 93.1 9.9 
Sassafras coarse sand..-..| 117.8 -0 -0} 38.0} 34.0} 20.9 | 17.7 9.5} 8.0 3.8 3.4 
Colts Neck loamy sand...| 319.2 1.9 -6 1958) (P2520) bb. L7e3 53.2 | 16.4 7.6 2.4 

Sassafras gravelly coarse 
Seimehy Woby@t, = oeeoe sence 119.7 Ss) |] abil |) BPRS) | AGG) | TEE@ 1 BES ab |] hil 1.9 1.6 

Sassafras coarse sandy 
TOAIN Selects ciaiecin ec conics 932.9 19. 0 oP || PUBS |) PP 0) SIP) BO “WilePa ls etch) ee my oh 
The group......-.-- 2,430. 1 26. 6 1.1 | 509.2 | 20.9 | 321.1 | 13.2 | 349.6 | 14.4 | 140.6 5.8 

Tl. FrivE Sanpy LoAmM 

_ GROUP. 

Collington fine sandy loam) 279.3 24.7 8.5 30.4 | 10.8) 51.3 | 18.3 ie fo Zeit ow PU 
ihelenoupes = 222-25 279.3 | 247| 85 | 304/108) 513/183) 1.4] 41) 7.6| 27 


TTT. LoAM AND SANDY 
LOAM GROUP. 


Collington sandy loam, 


deep phase. ....-.-----. 115.9 BH |) B92 0.0} 0.0} 11.4 | 10.0 See} G50) 0.0 0.0 
Colts Neck gravelly sandy ' , 

(torial Se se eee ae 9.8 50) -O} 11.4 | 14.3 3.8 | 4.8 1.9 | 2.4 19 2.4 
Sassafras sandy loam...../1,510.1 | 200.7 | 13.3 | 163.4 | 10.8 | 171.0] 11.3] 82.3) 2.1] 15.2 1.0 
Portsmouth sandy loam__| 250.8 22.8} 9.1 HE PO} 14 | Gow 1.9 ail .0 .0 
Sassafras loam.......... --|3, 041. 2 |1,103.6 | 36.3 -0 -0} 60.8] 2.0 9.5 | 3 -0 0 

The group........-- 4,997. 8 iL, 330.9 | 26.6 | 180.5 | 3.6 | 262.2] 5.2] 51.3) 1.0) 17.1 3 
All dominant soils..:....- 7,707.2 |1, 383. 2 17.9 | 720.1 | 9.3 | 634.6) 8.2 | 412.3 | 5.4 | 165.3 2.2 
\ | 
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The data concerning each crop will be summarized separately. 

Irish potatoes—tThe figures given in Tables XI and XII show 
that the Sassafras loam leads all other soils in the absolute acreage 
of Irish potatoes grown as well as in the relative importance of the 
crop upon that type. Out of a total acreage of 3,041.2 acres of this 
type, included in the four detailed surveys, 1,103.6 acres, or 36.3 per 
- cent of the type, was found to be used for Irish potatoes. No other 
soil included in the surveys approached this in importance in po- 
tato growing. The Sassafras sandy loam was second in rank as a 
potato soil, carrying 200.7 acres in this crop. The relative and abso- 
lute importance of potatoes on all other soil types is negligible. 

These figures merely give mathematical substantiation of the state- 
ments made by Jennings, Patrick, and others that “the Sassafras 
loam is the preferred soil for the production of Irish potatoes in 
southern New Jersey.” 

Sweet potatoes——All of the soils of the sand and coarse sandy 
‘loam group are extensively utilized for sweet potatoes. The Sassa- 
fras coarse sand carries the largest percentage of area among soils 
suited to this crop. Among the sandy loam soils, only the Colts 
Neck gravelly sandy loam and the Sassafras sandy loam produced 
any large area or percentage of the crop. These facts are in strict 
accord with the generally known preference of farmers for a sandy 
or deep sandy loam soil for the growing of this crop. Not a single 
acre of sweet potatoes was encountered on the entire extent of 3,041 
acres of the Sassafras loam. 

Tomatoes.——The soils of the sand and coarse sandy loam group 
lead in the acreage given to tomatoes, although the loam group is 
well represented. Compared with its total extent, the Collington 
fine sandy loam bears a large acreage of tomatoes. It carries 51.3 
acres, or 18.3 per cent of its area, in this crop. The Sassafras sandy 
loam supports the largest absolute acreage in tomatoes, but has only 
11.3 per cent of its area in the crop. The Sassafras coarse sandy 
loam and the Sassafras sand are also important in the growing of 
tomatoes. They occupy 13 per cent of the area of the former and 
11.1 per cent of the latter soil. 

Since tomatoes are grown both for direct marketing and for can- 
ning, ripening at two distinct periods, there is a wide range in the 
character of the soils upon which the crop may be grown to advan- 
tage. Prevalently sandy and sandy loam soils are chosen for the 
early and medium early crops, while the more loamy soils are chiefly 
used for the canning crop. 

Asparagus.—The Sassafras sand is the leading type in the grow- 
ing of asparagus. The type bears 191.9 acres of asparagus, or 20.4 
per cent of its total area. The Sassafras coarse sandy loam carried 
91.2 acres, or 9.8 per cent of its tilled area, while the Colts Neck 
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loamy sand bears 53.2 acres, or 16.4 per cent of its area in this crop. 
All three types are decidedly sandy to a depth of 2 feet or more. All 
three are underlain at a depth ranging from 30 inches to 4 feet by 
more retentive layers. None of the gravelly soils is used to any 
extent for this crop. 

Cantaloupes.—Cantaloupes are of less importance than the fore- 
going crops, but are still grown to quite an extent in southern New 
Jersey. 

The Sassafras sand leads in acreage, carrying 93.1 acres, or 9.9 
per cent of its area, in cantaloupes. The Sassafras coarse sandy 
loam is the only other type upon which cantaloupes are important. 

The truck crops of secondary importance show some interesting 
soil relationships. 

Cabbage.—The crop maps show a total acreage of 57.7 acres in 
the four areas. The Sassafras loam leads in cabbage production, 
with 31.1 acres, and the Collington fine sandy loam is second, with 
13.3 acres. These two soils are the only important cabbage soils rep- 
resented. It is known that soils of the Keansburg series are quiie 
extensively used for growing the crop. It may easily be seen that 
the heavier loams are preferred for cabbage production. The most 


notable exception, not shown in the tables, would be that sandy 


loam soils in a moist position are also chosen for cabbage growing. 

Watermelons.—Melons are now grown to a limited extent in the 
southern New Jersey trucking regions, although formerly the crop 
was of considerable importance. Only 47.5 acres were encountered 
in the four detailed surveys. Over one-half of this total occurred 
‘on the Sassafras sand, which carried 24.7 acres, or 2.6 per cent of its 
area, in this crop. All other occurrences of the crop are of minor 
importance. 


Peppers.—The pepper crop is of considerable importance in other ' 


sections of southern New Jersey, but only a small area fell within 
the limits of the detailed surveys. Considerably over one-half of 
the total acreage in peppers occurs on the Sassafras sand. The other 
areas are scattering. 

Beans.—Two types lead in the production of beans. These are 
strongly contrasted in texture. The Sassafras sand carried 19 
acres and, the Sassafras loam, 11.4 acres, or a total of 38 acres in 
beans. It is known that if the surveys had been made at a slightly 
earlier period of the season added areas of beans would have been 
mapped. The significance of the present figtres is, therefore, small. 
The production of lima beans for canning has already been noted as 
an exceptional cropping practice on the Sassafras loam near Free- 
hold. 
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Eggplant—Nearly the entire acreage of this crop was found on 
the Sassafras sand, 26.6 acres out of a total of 36.1 acres being mapped 
on this type. 

Onions.—Nineteen out of a total of 32.3 acres of onions were 
mapped on the Sassafras sand. The Sassafras coarse sandy loam 
- carries the next largest area, 7.6 acres. 


SUMMARY OF SELECTIVE USES AS SHOWN BY THE MAPS. 


The selective uses of soils in southern New Jersey, as illustrated oy 
these detailed maps, may be briefly summarized: 

(1) For the production of Irish potatoes, the Sassafras loam is 
the soil preferred over all other types and classes. A sandy loam soil, 
like the Sassafras sandy loam or the Collington sandy loam, may be © 
used, particularly for an early crop. Sandy soils are distinctly 
avoided. 

(2) The sweet potato crop is produced to the best advantage upon 
sandy soils or upon rather coarse sandy loams. Taking into consid- 
eration the quality of the product, the Colts Neck loamy sand is a 
leading type. If only considerations of yield are taken into account, 
then the Sassafras coarse sand and coarse sandy loam are the most 
important soils for growing the crop. The sandy loams of the series 
may also be used. 

(3) Tomatoes are grown for two distinct purposes, market and 
canning. The early tomatoes are largely grown on the Sassafras 
sand, coarse sandy loam,and sandy loam. The later crop for canning 
is grown on the Sassafras loam and upon the Collington fine sandy 
loam and sandy loam. The latter fact is not brought out by the 
tables, but appears from a reconnoissance of the general region. 

(4) Sandy soils are preferred for asparagus. The Sassafras sand 
is a leading type in its production. The Colts Neck loamy sand is 
second in importance. 

(5) Cantaloupes are chiefly grown upon the Sassafras sand, with 
the Sassafras coarse sandy loam also constituting an important type 
for this crop. 

(6) Cabbage is distinctly a crop to be grown upon the finer tex- 
tured and more retentive soils, such as the Sassafras loam. 

(7) The other minor crops were not sufficiently well represented 
within the limits of the survey to permit of general conclusions. 


SOIL PREFERENCES EXPRESSED BY FARMERS. 


In order that the various classes of observations made by field men 
of the United States Department of Agriculture might be compared 
with the opinions of a number of representative farmers in southern 
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New Jersey, letters were sent to nearly 4,000 farmers, principally 
located within the sections where the detailed soil and crop surveys 
were made, but also distributed to some extent over other sections of 
the region. 

In these letters inquiries were made concerning the individual 
preference of each farmer for a sand, sandy loam, loam, or “ clay” 
soil for the growing of each of 14 crops. Additional inquiries were 
included concerning yields, the use of cover crops for green manur- 
ing, the use of stable manure, and the amount and formula of the 
commercial fertilizer commonly used for the more important crops. 

Answers were received from about 1,000 persons. The material 
thus obtained was classified with regard to the preference for par- 
ticular soils in the growing of each crop. 

Table XIII shows, in terms of the percentage of all answers re- 
ceived, the soil class preferred for the various truck crops: 


Taste XIII.— Number of answers received, and percentage of preference for 
each soil class for the various truck crops. 


Amtswets| can, a. Sandy 


Crop. | received. loam. Toa Clay. 

Per cent.| Per cent.| Per cent. | Per cent. 
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69 29 45 96's es 
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114 7 47 44) Z, 

359 3 49 42 6 

201 3 38 55 4 

96 5 33 57 5 

ADO ES zeresee 34 60 6 

187 1 17 7 il 


The largest number of answers was received concerning the potato 
crop. In slightly less than one-half the replies received a definite 
choice of soil was expressed and 450 decisive answers were tabulated. 
The answers with respect to tomatoes, sweet potatoes, and sweet corn 
were also numerous. These four crops lead in acreage among the 
special crops grown within the territory under consideration. 

Some explanation is needed with regard to the soil-texture terms 
used in connection with these inquiries and answers. In the first 
place, only soil texture is considered. The classification into soil 
series is not yet well enough understood nor generally enough used 
among farmers to permit of more than a broad application to the 
answers submitted. In the case of the texture of soils the soil survey 
classification so closely parallels the common usage of farmers that 
there is little chance for mistake, except where the survey classifica- 
tion goes into greater detail than in the common usage. Hence only 
four groups were included in the inquiry. 
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There are only a few unimportant areas of true clay soils in south- 
ern New Jersey. The Sassafras loam is the only soil of any great 
extent within the region which is even popularly known as a clay. 
This type contrasts rather strongly with the associated sandy soils 
and has come to be known as a “clay loam” or “clay” in some 
localities. 

Tt is probable, therefore, that all of the answers designating a 
preference for a “clay” soil should be added to the loam column to 
secure exact accuracy. 

There is also a local tendency to consider any sandy soil which 
is not absolutely incoherent as a sandy loam. This is true of many 
localities where sandy soils prevail. In general, the popular classi- 
fication of soil textures in this region corresponds fairly well with the 
more detailed classes used by the soil survey and based upon the 
physical analyses of the soils. 


SOIL PREFERENCES FOR TRUCK CROPS. 


The tabulated summary of expressed preferences for the different 
classes of soil for the growing of truck crops shows that the 14 crops 
enumerated fall into four rather distinct groups. In making the 
arrangement, a percentage basis was used in order that the widely 
differing numbers of answers for the different crops might be equal- 
ized. Thus, the percentage of answers expressing a preference for 
sandy soils for the growing of watermelons is comparable with the 
percentage of expressed preferences for sandy soil for sweet potato 
production, although 151 answers were tabulated in the first case and 
245 in the latter. 

Also, in the first two groups the ranking within the groups is 
made with respect to the sums of the percentages preferring sand and 
sandy loam soils, while in the other two groups the ranking is with 
reference to the sums of the percentages preferring loam or “clay” 
soils. In both the absolute preferences among the four classes of 
soils are displayed in detail. 

Tt is evident from this table that the great preponderance of 
opinion favors the growing of sweet potatoes and watermelons on 
soils which are distinctly sandy. In the case of sweet potatoes there 
was no dissent from the preference for soil of these two classes, 
while the preference for straight-out sand is marked. For water- 
melons a majority prefer sand. 

The second group, including crops for which sandy loam soils are 
preferred, includes 8 out of the 14 crops for which answers were 
received. In all cases within this group the sandy loam soils are 
preferred to any other class, and in three instances—asparagus, can- 
taloupes, and eggplant—the sandy soil is second to sandy loam in 
preference. In the other cases, while a sandy loam soil is preferred, 
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yet a loam soil is the expressed second choice. This is particularly 
marked in the case of peppers and tomatoes, for which there seems to 
be little preference between a sandy loam and a loam soil. 

In the case of tomatoes the geographic distribution of the several 
answers served to indicate that the sandy loam soils were preferred 
where the crop was grown for early harvesting as a market crop, 
while the loam soil was as distinctly preferred in growing the crop 
for the canning factories. 

In this case the crop is grown for two distinctly separate purposes. 
The truck-crop grower desires to secure a moderately heavy yield of 
early varieties which will sell at high prices. The main crop is 
marketed in crates and some of the later pick is marketed at much 
smaller prices for canning if the conditions are favorable. The 
grower of tomatoes as a truck crop depends chiefly on early market- 
ing and a high price. He, therefore, prefers a sandy loam soil. 

The grower of tomatoes who contracts his crop to the canning 
factory sets different varieties from the trucker. His sales are 
usually made on the ton basis and he decidedly depends upon heavy 
yields for his chances for profits. He, therefore, desires to use a 
heavier loam soil. For this reason the Sassafras loam has come to 
be recognized as the leading soil type for the growing of canning 
tomatoes, as it has been for the growing of Irish potatoes. 

In the case of peppers, the crop is used by many truckers as a 
supplementary crop only. By them it is planted upon land which 
was not in condition for planting to early tomatoes, to sweet pota- 
toes, or to some other standard early truck crop. Small areas of 
low, wet land within a sandy or sandy loam field are frequently — 
planted to peppers long after the remainder of the field has been set 
out to tomatoes or sweet potatoes. In other cases, where peppers 
constitute a special crop, grown in large acreage, the crop has been 
found to produce reasonably early fruits on sandy loam soils and 
also to continue the picking season up to frost limits, when it is 
planted upon loams. It is therefore a crop grown quite extensively 
in some localities which are not fitted by the presence of sandy soil 
for the growing of the standard truck crops. The Sassafras sandy 
loam and the Sassafras gravelly sandy loam, in southeastern 
Gloucester County and in adjacent portions of Atlantic and Cum- _ 
berland Counties, are quite extensively planted to peppers. 

Tt will be noted that asparagus and cantaloupes stand at the head 
of the crops for which sandy loam to sandy soils are preferred. 
There is little difference between them with respect to soil choice. — 
The answers received concerning asparagus were grouped somewhat 
excessively in the southwestern part of the State, where the produc- 
tion of the unblanched stalks is a specialty. It is possible that a 
stronger tendency toward the use of a decidedly sandy soil would 
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have been recorded if a larger number of answers could have been 
secured from Monmouth County, where the blanched asparagus is 
yuite extensively grown. 

The preference for a sandy loam soil for the growing of peas and 
beans as early truck crops is marked. 

The fact that eggplant is grown on a wide range of soils with 
some preference for sandy loam types is well reflected in the tabula- 
ion of the answers. Probably no other crop but peppers is grown 
m soils varying so widely in texture as eggplant. Both crops are 
oicked during a prolonged season and the trucker’s requirements for 
1 special soil for their production is not so marked as in many other 
"ases. 

The group for which a straight-out loam soil is preferred only in- 
‘ludes three crops. Two of these are among the most important 
yrown in southern New Jersey. 

For sweet corn the preference is decidedly for a loam soil, yet 
mough truckers are growing the crop in connection with the other 
~arly truck crops for 38 per cent of all of the answers to express a 
oreference for a sandy loam soil. 

For onions, the loamy soils are preferred, yet a considerable num- 
pers of answers chose the sandy loam soil. 

The most extensively grown special crop in southern New Jersey 
s the Irish potato. For the production of this crop 60 per cent of 
he correspondents preferred a loam soil and 6 per cent desired a 
‘clay,” probably referring to the Sassafras loam. It may, there- 
‘ore, be said with confidence that two-thirds of the 450 expressed 
references indicate that a loam or heavy loam soil is best for potato 
rowing in southern New Jersey. The remainder of the answers ex- 
sressed a preference for a sandy loam soil. 

These facts correspond very closely with the recorded facts of the 
rop and soil surveys of the four selected areas. Those surveys dis- 
‘losed that the greater acreage of potatoes was grown on the Sassa- 
ras loam and that the Sassafras sandy loam and Collington fine 
and loam were also extensively used for the crop. General observa- 
ion also shows that the Collington sandy loam should be included i in 
he group of preferred potato soil. 

Only one crop is selected for production upon soils heavier in 
exture than those required for potato growing. The cabbage crop 
s to be grown either upon a loam or a heavy loam soil, if the pref- 
rences of 187 southern New Jersey farmers are followed. This ac- 
ords well with the facts as observed. The Sassafras loam is used 
o some extent for growing cabbage. The soils of the Shrewsbury 
ind Keansburg series are also occupied by considerable acreages of 
abbage. There is a general tendency in the intensive trucking 

istricts to plant cabbage upon the heaviest and most retentive soils 
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present or to place the crop where small depressions accumulate 
seepage waters from higher lying areas of sandy loam. Unless the 
land is actually flooded, the cabbage crop makes good growth upon 
these moist lands. | 


COMPARISON OF EXPRESSED PREFERENCE WITH RESULTS OF 
DETAILED SURVEYS. 


A general comparison may be made between the facts as observed 
in the four detailed areas where distinct soil types and their crop 
areas were mapped and the preferences as expressed by southern 
New Jersey farmers as summarized and tabulated. The two sets 
of results are presented in detail in Tables XI, XII, and XIII. 

Trish potatoes—The crop maps show that 36.3 per cent of the 
Sassafras loam is occupied by Irish potatoes and that this is the only 
important truck crop grown on the type. The replies to inquiries - 
show that 66 per cent of the farmers prefer a loam or heavy loam soil 
for the crop, while 34 per cent wish a sandy loam. The Sassafras 
sandy loam carried the only other important acreage in potatoes in 
the mapped area. 

Sweet potatoes—The largest acreages of this crop were mapped 
on the Sassafras coarse sandy loam, the Sassafras sandy loam, and 
the Sassafras sand. The sand and coarse sandy loam group of soils 
carried 509.2 acres of sweet potatoes out of a total of 720.1 acres 
mapped on the dominant soils. The Sassafras sandy loam carried 
163.4 acres of the remainder. The expressed soil preferences show 
sand preferred by 61 per cent of sweet-potato growers and sandy 
loam by 39 per cent. The facts from the two sources are well in 
accord. 

Tomatoes.—In the case of this crop the two sets of facts appear 
to be at some variance. It is held, however, that a fifth survey, made 
in the vicinity of Salem, N. J., would have corrected this seeming 
discrepancy, since the Sassafras loam is extensively used in that 
vicinity for the production of canning tomatoes. The Freehold area 
produced no tomatoes. The Hartford area included areas grown 
both for market and for canning. The Thorofare and Swedesboro 
areas included areas of tomatoes grown almost exclusively for mar- 
ket, and only the residue of the crop after the early tomatoes have 
been shipped is normally sold for canning. Thus the figures from 
the four detailed areas throw truck crop tomatoes into undue 
prominence. 

It appears from the tabulated areas that slightly more than one- 
half of all the area in tomatoes was found on the sand and coarse 
sandy loam soils. Outside of this group, the Sassafras sandy loam 
was the only type carrying an important acreage, 171 acres in all. 

In the tabulated answers to inquiries, 52 per cent of the replies ex- 
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pressed a preference for a sandy or sandy loam soil for tomato grow- 
ing, while 48 per cent of the replies indicated a preference for a loam 
or heavy loam soil. It has already been shown that the latter group 
corresponds to the canning-crop requirements, while the former indi- 
cates the growing of tomatoes as a truck crop. 

Sweet corn.—This crop was not mapped separately from field corn 
in any of the four detailed surveys. 

Asparagus.—The mapped areas showed that 349.6 acres of aspar- 
agus were grown on the sandy and coarse sandy loam soils. This 
constitutes 85 per cent of the total acreage mapped. The Sassafras 
sandy loam carried one-half of the remainder of the total acreage. 
The answers to inquiries indicate 26 per cent of the farmers distinctly 
preferring a sand soil and 61 per cent desiring a sandy loam soil for 
this crop. It may thus be said that the more sandy soils are best for 
asparagus growing. The existence of a sandy loam deep subsoil 
was especially required in many of the answers. 

Cantaloupes——The mapped areas of this crop showed 140. 6: acres | 
erown cn the soils of the sand and coarse sandy loam group. The 
answers to inquiries indicate a preference for sandy soils to the ex- 
tent of 25 per cent of the total and for sandy loam soils to the ex- 
tent of 63 per cent. Loam soils were preferred in 12 per cent of the 
answers. It will be noted that the Sassafras sand carried 93.1 acres 
out of a total of 165.3 acres of the crop as mapped. The Sassafras 
coarse sandy loam and sandy loam ,carried the other important 
acreages. 

Cabbage.—The Sassafras loam bore 31.1 acres of cabbage out of 
49.5 acres mapped. The Portsmouth sandy loam carried 9.5 acres of 
the remainder. In the answers to inquiries, 71 per cent of the grow- 
ers preferred a-loam, while 11 per cent desired an even heavier soil. 
The Portsmouth sandy loam, because of imperfect drainage, responds 
to cropping in a manner similar to an ordinary loam. The agreement 

of mapped facts and those derived from correspondence is close. 

_ Watermelons.—Within the mapped areas watermelons occurred to 
the extent of 24.7 acres on the Sassafras sand, out of a total of 47.5 
acres mapped. Eighty per cent of the crop was found on the sand 
and coarse sandy loam group. In the replies to inquiries it was found 
that 56 per cent of the ue favored a sand soil and 41 per cent a 
sandy loam. ; 

None of the other minor truck crops were encountered in sufficient 
area to permit of any very definite conclusions. 

Allowing for shght differences in the usage of soil nomenclature 
as between the popular custom and the professional classification, the 
correspondence between the two classes of evidence is seen to be 
striking, 
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SOIL AND CROP GEOGRAPHY. 


The result of all of the facts thus ascertained concerning the dis- 
tribution of the different soils in southern New Jersey is plotted on 
the map. (Plate A, page 16.) 3 

The salient facts with respect to crop distribution are similarly pre- 
sented in the form of the map. (Plate B, page 64.) 

These two maps exhibit in a graphic way the broader facts of the 
uses of specific soils and groups of soils for the renee of dis- 
tinct crops and associations of crops. 

The striking features of correspondence between the two maps are: 

The sandy soils of the Lakewood series have been found to be too 
droughty for the common practices of crop production, and the 
greater part of their area remains in forest. 

The undrained soils of the tide-marsh areas have been reclaimed 
only to a small extent, and they are chiefly unused or only occupied 
for the growing of forage crops or for pasturage. 

The soils derived from the outcroppings of the marly deposits of 
Cretaceous and Eocene age are chiefly occupied for general farming 
purposes and to a limited degree for the growing of special crops. 
Only steep topography and excessive erosion interfere with com- 
plete occupation of the soils of the Collington and Colts Neck series, 
which are the chief soils derived from these deposits. 

The soils derived from the later sediments which mantle a large 
area within the Raritan and Delaware Valleys and which occur as 
a terraced border around a large part of southern New Jersey are 
occupied almost to the limits of their occurrence for the growing of 
a wide variety of crops. The soils of this origin belong chiefly to 
the Sassafras series. Within this series the selection of particular 
soils for specific crop uses has proceeded further and has reached a 
greater degree of specialization than on any other group in the 
region. 

In a general way the distribution of soil series and types in south- 
ern New Jersey is marked by zonal alignment and the distribution 
of dominant groups of crops follows that form. 

Neither climatic differences, which are small, nor differences in 
distance to market, which are relatively slight but which occur, nor 
differences in local transportation facilities, which exist to a limited 
degree—no one, nor all of these influences, has been sufficient to 
obscure the evident dependence of crop production upon the aeo- 
graphical distribution of soils suited to the growing of certain crops 
and unsuited to the growing of others. 


REVIEW OF SOIL USES BY SERIES, CLASSES, AND TYPES. 


For the purposes of the production of the general farm crops— 
hay, corn, wheat, oats, and grass for pasture—the heavier loam soils 
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are preferred. Their presence in dominant area invariably leads to 
the production of these crops in chief acreage. As a result, dairying, 
the sale of wheat, corn, and hay as cash crops, and the growing of 
one other sale crop, Irish potatoes, constitute the dependence of those 
farmers whose holdings include any large areas of the Sassafras 
loam, Sassafras fine sandy loam, Collington fine sandy loam, and 
Collington sandy loam. 

For the growing of potatoes the heavier soils of the Sassafras 
and Collington series are especially well suited. Consequently, Irish 
potatoes are the most extensively grown sale crop within the general 
farming belt, and their extensive production stops ‘sharply at the 
boundaries of definitely sandy soils. Only for early truck sales are 
such soils even as the Sassafras sandy loam used to any extent for 
potato production. 

The other main group of soils, the sands and coarse sandy loams, is 
is distinctly avoided for general farming as the loamy soils are 
chosen. Wherever the more sandy but tillable soils are found, from 
Raritan Bay to the mouth of the Delaware, trucking as a distinet 
farm business has gained the preponderance. Within this group of 
soils specialization in cropping has gone to such an extent that the 
farmers of southern New Jersey have developed distinct preferences 
for definite soil types for the growing of specific crops. The fol- 
lowing tabulation, derived chiefly from the results of the detailed 
soil surveys, will show what experience to the present time has 
proved to be the accepted crop adaptations of the more extensive 
‘rucking soils. 


TABLE XIV.—List of soils by series, groups, and types, showing uses. 
SASSAFRAS SERIES. 


Soil group and type. | Truck crops. General farm crops. Fruit crops. 
. Sand group: 
soesaties coarse | Sweet potatoes, asparagus. .-...|....-.------------------ 
sand. 
Sassafras sand....-- Sweet potatoes, asparagus, can- | Corn, alfalfa, rye......- Peaches, berries. 


taloupes, tomatoes,! melons, 

peppers, eggplant, peas, 

beans, cucumbers, sweet 

corn, 

Sassafrasloamy sand .| Sweet potatoes, asparagus, can- | Corn, alfalfa, rye, cow- | Peaches, pears, berries. 

taloupes, tomatoes, melons, peas. | 

peppers, eggplant, peas, 

beans, sweet corn. ; 

Sassafras fine sand... .| Sweet potatoes, asparagus, to- | Corn, hay, rye......-.. Do. 

matoes,' cantalowpes, melons, 

peppers, cucumbers. 

I. Sandy loam group: 
Sassafras coarse | Sweet potatoes, tomatoes, pep- | Corn, hay, rye, alfalfa..| Peaches, berries, grapes. 


sandy loam. pers, cucumbers. 
Sassafras gravelly | Potatoes, tomatoes, cabbage, | Corn,hay,rye,wheat..| Peaches, pears, apples, 
sandy loam. peppers. cherries, grapes, ber- 


Ties. 

Sassafras sandy | Potatoes, tomatoes, cabbage, | Corn, hay, rye, wheat, | Apples, pears, peaches, 
loam. Sweet corn, peas, beans. peas, oats, alfalfa. grapes. 

iT. Loam group: 

Sassafras fine | Potatoes, tomatoesfor canning, | Corn, hay, wheat, oats.) Apples, pears. 


sandy loam. cabbage. 
Sassafras loam...| Potatoes, tomatoes for canning, |__._- GORE Reha ea ot Apples. 
cabbage. 


1 Karly truck crops. 


74 


BULLETIN 677, U. S. DEPARTMENT OF AGRICULTURE. 


TasBLe XIV.—List of soils by series, groups, and types, showing uses—Continued. 


Soilgroup and type. 
Collington sand......... 
Collington loamy sand - - 


Collington sandy loam, 
deep phase. 


Collington sandy loam. - 
Collington fine sandy 
loam, 


COLLINGTON SERIES, 


Truck crops. 


Generalfarm crops. 


Fruit crops. 


Asparagus, sweet potatoes, 
tomatoes,! cantalowpes, mel- 
ons. 

Asparagus, melons, canta- 
loupes, tomatoes,! peppers, 
Sweet potatoes. 

_Asparagus, sweet potatoes, to- 
matoes, cantaloupes, melons, 
eggplant. : 

Potatoes, tomatoes, peas, beans. 

Potatoes, tomatoes, cabbage, 
sweet corn, peppers, aspara- 


gus. 
Potatoes, tomatoes.....-..-.-.- 


Corn, rye, hay....-..-- 


Corn, hay, wheat.....- 
Corn, hay, wheat... .-- 


Peaches, apples. 
Peaches, apples, pears. 


Collington loam......... Corn, hay, wheat, alfal- 
a. 
Collingtonieravellydoam)\sss=sese=sssnene eee ene eeeeee ae Pastune-\2 t= ssceececics 2 
Collingtontelay, 22s ssF sc cesbe So sees oe sah ee co eoceoeee Pasture hayoeoe---- = 
COLTS NECK SERIES. 

ColtsiNeckgravellysand|\ So. 222 9 2c ses ect era cee mecsoc coal eee ceccet cat eesewicee ce Peaches. 
Colts Neck loamy sand.-.| Asparagus, sweet potatoes, can- | Corn, ry¢..--.--------+ Do. 

taloupes, melons, tomatoes,\ 

sweet corn. 
Colts Neck sandy loam..| Potatoes, tomatoes,! asparagus, | Corn, hay, wheat..-.-... Peaches, apples. 


melons, sweet corn. 


Cols Neck fine sandy | Potatoes, tomatoes...-....---.-|----- dows.) ese astee ae Peaches, apples. 
oam, 
Colts Neck loam........ IR OLDIOES Sa aa eee eetwen be Corn, hay, wheat. Do. 
KEYPORT SERIES. 
’ Keyport sandy loam....| Peppers, tomatoes,! melons....]......-...-------------- Berries. 
Keyport fine sandy | Tomatoes,! peppers, cucum- |.-..-....-..------------ Do. 
loam. bers, melons. 
Keyport loam........... Peppers, tomatoes 1_......-..- CON ee eee a 
Keyport clay loam......]..... OOO Seat me acme nee (Conins [Nisstascsccsozes 
SHREWSBURY SERIES. 
Shrewsbury sandy loam |. Potatoes, tomatoes, peppers. ..-| Corn, hay, wheat...-.- Berries. 
slitewsbury, ima) Gematehye |) Je ANS 5 ao oo- onoooLocKoscoS Commshayie ne soe Apples, peaches. 
oam. 
Shrewsburyeloambeess: 2| wea tene snes fa eeecbes cee cme Conn hay eee eee 
Shrews bunyasilploamices |beeceacencnec eee eeene emote eee. A Op 555 ObSiiee seee 
KEANSBURG SERIES. 
Keansburg sand.......- Momatoesleses-eeneceeeae ee cee Comm? ee xaos cece 
Keansburg sandy loam.| Potatoes, tomatoes Connyianvee ne saaee eee 
E<eans burs ine psandiva |Seeseeeeeeee ene ee eset seee ee Hay, pasiure..-------- 
loam. 
Keansburg loam........| Potatoes, tomatoes........-..- Corie haypencnse eee ee 
MISCELLANEOUS SOILS. 
Portsmouth sendy, loam | Peppers, onions, cabbage... .--- Cornsphayaee-ceoeee tee Berries. 
Labware ore Asya be ee ee ee RS eabebasoc od Babeccacarsssoeabeeeoee Cranberries. 
Elkton loam..-..-.....- Potatoes, cabbage....----..---- ELOY a Oe Sere ae ee ee 
Freneau loam.........-- Potatoes tse.) sk eo Haye eee se ee 
akewood sand -22o As --1| ASWaraguse:s.< 525 ea seme 2 tte een ate seein Dewberries. 
Lakewood gravelly | Tomatoes, peppers, sweet corn,| Corn, hay..--..------- 
,_ sandy loam.......... potatoes. 
Lakewood fine sand....-. Asparagus, cantaloupes, mel- |...........---.-.------- 
ons, peas, beans, cucumbers, 
tomatoes, peppers, eggplant, 
' squash. 
sidalema;nsh eee sass Cabbage, onions........-.....- Corn, hay..---. 


1 Karly truck crops. 


NoTE.—Crops most extensively grown on each type are in italics. 
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Summarized on the basis of the texture of soils—that is, by classes 
of soils without reference to the soil series—the soil uses actually 
found in southern New Jersey are now presented: 

Coarse sandy types—Asparagus and sweet potatoes are the only 
crops grown in any large area. 

Gravelly sand.—F orested or used to a limited extent for peaches. 

Sand.—The most important early truck crop class. Preferred for 
asparagus, sweet potatoes, cantaloupes, early tomatoes, watermelons, 
peppers, eggplant, peas, and beans. Some sweet corn grown. 

Loamy sand—An early truck soil. Used for sweet potatoes, as- 
paragus, cantaloupes, early tomatoes, peppers, peas, beans, and egg- 
plant. Aiso for corn, rye, alfalfa, mixed hay, and peach orchards. 

Fine sand.—A slightly later truck soil. Tomatoes, peppers, can- 
taloupes, cucumbers, some sweet potatoes, and asparagus. Corn, rye, 
and hay, peaches, bramble berries are grown. . 

All of these classes of soils have a far greater value for the pro- 
duction of early truck crops than for any other purpose, provided 
markets are available. In the latitude of New Jersey they mature 
crops at a time when other areas offer little competition. More loamy 
soils mature crops at a later date and sometimes suffer from severe 
competition with near-by localities shghtly farther south. 

Coarse sandy loam—Nearly as early as the sandy types. Sweet 
potatoes, asparagus, early tomatoes, peppers, cucumbers, predomi- 
nate. Fairly good crops of mixed hay, good crops of corn, and 
alfalfa are produced. Peaches, bramble berries, grapes are raised. 

Gravelly sandy loam.—W hen not indurated in the subsoil, produces 
tomatoes, peppers, early Irish potatoes, early cabbage, corn, hay, and 
some wheat. Extensively used for peach, apple, pear, and cherry 
orchards and for plantations of berries and grapes. 

Sandy loam.—Possesses the widest range of crop adaptations of 
any group, being fairly well suited to growing numerous truck crops 
and nearly all of the genera! farm crops. Potatoes, tomatoes, pep- 
pers, eggplant, cabbage, sweet corn, peas, beans, and even asparagus 
and watermelons are grown. It is an excellent corn and hay group. 
Alfalfa beginning to be grown. Fair crops of wheat and rye, and 
some oats are raised. Good fruit soil when well drained. Apples, 
pears, peaches, and berries thrive. 

This group forms an intermediate set of soils sviieichh produces large 
yields of truck crops at a season usually shghtly later than the sand 
group. The more retentive subsoils permit the growing of the general 
farm crops which require a longer growing season. The corn and 
alfalfa crops are particularly successful on soils of this group. 

Fine sandy loam.—This class of soils falls naturally with the more 
loamy and later maturing soil types. Potatoes, tomatoes for canning, 
cabbage, and sweet corn are important special crops. The types 
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produce good crops of corn, mixed hay, rye, wheat, oats, and cow- 
peas. Apples and pears do well. 

Loam.—This class includes the best general farming soils in 
southern New Jersey. Potatoes are the chief cash crop, with toma- 
toes for canning becoming an important crop in some sections. 
Corn, mixed hay, wheat, and oats produce their largest yields upon 
soils of this group, particularly upon the Sassafras loam, which is 
of greater extent and importance than any other single soil in the 
region. Apples, pears, and cherries thrive at proper elevations. 

‘The fine sandy loam and loam soils rank together in their crop 
adaptations in this general region. They form the basis for the 
production of the general farm crops, for dairying, for the most 
extensive production of potatoes, and of tomatoes for canning. 
They produce the larger part of the forage crops and a considerable 
preponderance of the potato crop in the southern part of the State. 

Corn, wheat, hay, potatoes, and dairy products are the chief com- 
modities sold from them. 

Silt loam.—Represented by only one type of limited extent. On 
this, hay and pasture are the chief form of agricultural production. 
Cabbage and potatoes are grown to a limited extent. 

Clay.—Sparingly represented in southern New Jersey and usualiy 
avoided for crop production. Hay and pasture are the chief uses. 

Tidal marsh—Of considerable extent but sparingly utilized. 
Chiefly in grass for pasturage or hay. Some small areas are tilled 
to corn. Limited areas are devoted to tomatoes and cabbage. 


CONCLUSION. 


(1) The geographic location of the southern New Jersey region 
is such that the largest markets for staple and special farm products 
on the continent le within easy reach of even the most remote 
localities. (See fig. 2, p. 4.) 

(2) hemeponention by steam railroad, by electric railroad, by im- 
proved highways, and even by water routes is more completely es- 
tablished than in the majority of communities in the country. (See 
fig. 2.) - 

(3) Agriculture has been established for a period of 275 years in 
parts of the territory under discussion. It has been established over 
the arable soils of practically all of southern n New Jersey for a period 
im excess of 200 years. 

(4) The region has sufficient rainfall during the year and during 
the growing season for maturing all the most important staple and 
special crops suited to the latitude. The growing season between 
killing frosts is usually six months long. (See fig. 1, p. 3.) 
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(5) There are within the region no differences in elevation which 
seriously disturb the climatic conditions imposed by latitude. The 
presence of large bodies of water exerts an equalizing influence upon 
temperatures which is sensibly evident to a distance of 10 or 15 
miles from the Atlantic coast and to a distance of 5 to 10 miles from 
Delaware River and Bay. (See fig. 3, p. 6.) 

(6) The more than two centuries of agricultural development 
in the region have brought about a thorough comprehension of the — 
fact that crops do not all thrive equally well upon all soils. There 
has been a constant tendency to adapt the cropping and the agricul- 
tural systems of the regions to local soil conditions in such a way 
that the most paying crops may be grown upon each soil of marked 
characteristics. (See pl. A, p. 16, and pl. 13, p. 64.) 

(7) This selective cropping has resulted in: 

(a) The avoidance of excessively drained soils, like those of the 
Lakewood series, for any agricultural use. 

(6) A failure to utilize wet soils for any but the most extensive 
systems of cropping, such as the growing of grass for pasture and 
hay upon the Tidal marsh areas. 

(c) The utilization of the more sandy soils, irrespective of their 
relative distance from market, for the growing of the early vege- 
tables, commonly called truck crops. 

(d) The use of intermediate types of soils, such as the sandy 
loams, for the growing of a wide variety of truck crops, general farm 
crops and, where altitude favors, of commercial orchard crops. 

(e) A decided specialization toward the grain and grass crops 
upon the fine sandy loam and loam soils, with the more recent use 
of the loam soils for the growing of Irish potatoes and of tomatoes 
for canning purposes. 

(7) The utilization of every reasonably level acre of good upland 
soil for crop production of some kind. (See detailed soil and crop 
maps. ) 

(g) The utilization of small areas of overflow or of undrained 
land for grazing purposes in connection with the special tillage of 
all upland areas. 

(9) Other things being reasonably equal, the farmers of southern 
New Jersey have a very decided and well founded preference for 
the utilization of each specific soil type for the growing of the special 
crop or group of crops which is best suited to that soil. (See Table 
XIII, p. 66, and detailed soil and crop maps.) 

(10). These crop uses are given in some detail for the most im- 
- portant soil types and soil classes which have been encountered in 
four detailed surveys made in southern New Jersey. The uses of 
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certain of the soils are established by four detailed maps showing 
the soil types and the crops actually supported by them. These four 
soil and crop maps represent four distinct sets of soil conditions and 
of resultant crop production. They fairly represent the range of 
soil and crop conditions within the area. 

(11) The conditions, as depicted by the several classes of maps, 
agree within reasonable limits with the opinions of nearly 1,000 
farmers in the region who expressed their soil preference for spe-_ 
cific crops. (See detailed soil and crop maps and Table XIII.) 
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INFLUENCE OF A CITY ON FARMING. 


[A study of types of farms and their organization in Jefferson County, Ky.] 
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OBJECT AND RESULTS. 


This bulletin gives the results of a study of the agriculture of 
Jefferson County, Ky., a locality which is influenced greatly by a 
moderately large and growing city (Louisville). In response to a 
favorable and increasing market for vegetables, an increasing area 
of land is being utilized for trucking. The raising of such crops as 
potatoes and onions has been profitable, principally on account of 
exceptional marketing facilities. The raising of cereals, while still 
important, has declined. The city offers an expanding market for 
dairy products, but by means of railways and trolleys the city is 
quickly and cheaply reached by dairy farms located a long distance 
out, where cheaper land and other favorable conditions enable the 
farmer to compete successfully in the dairy market. With the 
growth of the city, the extension of trolley lines, and the improve- 
ment of highways, an increasing number of people occupied in the 
city are living in suburban towns and in the near-by country. All 
these factors combined create a set of conditions which bring about 
rapid changes in agricultural practice. Old types of farms once 
dominant are disappearing and new types are organized to profit 
by the opportunities offered. Farms that were once profitable as 
large units, under an extensive system of agriculture, come to be 
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relatively unprofitable under new conditions creating snug values 
for real estate. 

It is the purpose of this study to analyze these conditions in order 
to arrive at an understanding of the underlying principles of farm 
organization and practice here, to point out the more profitable 
types of farming, and to show how some of the more successful 
farms are or epuied. 

The “narpan iia) conclusions drawn from this study are: (1) For the 
area surveyed the small farm intensively cultivated is the most 
efficient and profitable. (2) The most profitable types found are 
those specializing in potatoes and truck. (3) Dairying combined 
with truck farming is profitable here, but as a type it is gradually 
being pushed farther away from the city to cheaper land. (4) The 
general mixed type of farm, representing the extensive system and 
a high degree of diversity, is the least profitable in this area. 


SOURCES OF INFORMATION AND BASiS OF STUDY. 


In the fall of 1913 about 50 farms were visited in representative 
sections of Jefferson County. In this survey a detailed study was 
made of the leading crop enterprises, such as Irish potatoes, sweet 
potatoes, onions, a few other important truck crops, wheat, corn, 
orchard grass, timothy, and clover. Two produce exchanges were 
found successfully working in the county. A careful study was 
made of these. The city market was also made an object of study, 
as well as the wagon roads and trolley lines radiating from it into 
the farming community. In 1915 another farm-management survey 
was made of 100 farms in this area representing various types. 
These farms were located as shown by the dots in figure 1. In this 
survey a careful study was made of the organization and the business 
success of each farm. 

Information relative to changes which have occurred in types of 
farming was obtained from the United States census statistics; 
Bureau of Crop Estimates, United States Department of Agricul- 
ture; and from direct observation and consultation with farmers in 
the region. 

GENERAL CONDITIONS. 


THE CITY AND THE COUNTY. 


Jefferson County lies along the Ohio River where that stream has 
worn its channel through a low rim of mountains which form the 
western boundary of the Bluegrass Region. Thus it is a natural 
gateway for travel and transportation between much of eastern and 
central Kentucky and the western part of the State. 

In the bend of the river below the Falls of the Ohio is the city of 
Louisville, occupying an area of about 28 square miles, with a popu- 
lation in 1916 of 267,342. Good macadam roads radiate from the 
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city to various parts of the county. Along several of these high- 
ways trolley lines have been built, connecting small towns and 
suburban homes with the city. These, with several steam lines 
running out from the city, give the locality an excellent system of 
transportation. (See map, fig. 1.) Louisville is a large distributing 
center, with important machine factories and distilling and brewing 
establishments. There are minor establishments for canning vege- 
tables and making pickles, sauerkraut, catsup, etc. These are 
important agriculturally, in that they give market gardeners a 
market for various surplus vegetables. 


MULES 
or2st?5 €§ F @ 9 16 
Se ey 


Fig. 1.—Map of area studied. Dots indicate farms visited. 


The city market place is operated by an association of farmers and 
business men. The distance from Louisville to the farms included 
in this study is considered to be the distance from the market place 
to these farms. During the season of fresh vegetables and fruits 
this market place from early morning until noon each day is filled 
with vehicles of the truckers from the country. Here dealers and 
individual consumers come to buy the farmers’ produce. 

There are two important farmers’ marketing and shipping estab- 
fishments outside the city limits, one at St. Matthews and one at 
Buechel, both in localities where the Irish potato is the dominant 
enterprise. 
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POPULATION. 


In 1910 the rural population of Jefferson County, including unin- 
corporated towns, was 38,992, showing an increase of 42.4 per cent 
during the preceding ten years. During the same period the city 
population had increased 9.1 per cent. These figures indicate a rapid 
growth of suburban population. Outside of unincorporated towns, the 
increase was over 30 per cent. The increase in actual farm popula- 
tion was comparatively small, however—probably not over 10 per 
cent, since an increasing number of people who have occupations in 
the city are living in homes in the country. Seven per cent of the 
population in 1909 was foreign born and 32 per cent of mixed parent- 
age. Much the larger part of the foreign population is German. 


FACTS ABOUT FARMING SHOWN BY THE CENSUS OF 1900 AND OF 1910. 


In 1909, according to the census figures, there were 3,093 farms in 
the county, an increase in ten years of about 9 per cent. During the 
previous decade the number of farms under 100 acres in size had in- 
creased 17 per cent, while farms over 100 acres in size had decreased 
about 14 per cent. During the same period the area devoted to the 
raising of vegetables had increased about 29 per cent, and the area 
devoted to cereals decreased about 22 per cent (see Table I). 


TaBLe I.—Changes in crop production during the decade 1899-1909. 


1900 1910 
Crop acreage. acreage. 
Small fruits: 
SUMAN DSHHIE Ss be dodeg sue cognd sbcoaueddesdeasebacteceacssenancs ssqaemeNs an: see 818 443 
OUI ABBE SoA sebedsscocoobasocosuressboagsou ts Sonen soon etosSscasEstcssons 1,137 631 
AOU a 6 ocbbecnesss spe anosSdocs coc cd deck odo socoecss saseouscuBOnesoEoer 1, 955 1,074 
Vegetables: 
IROUIBUGES = 5 Jo s8osqna55scocceausab oso deusedassosessseocscobssosnensoeeE vesuee 6, 525 9, 255 
SWIG E HT Oli OC Sie eye ete ee eo eee ee 1,093 1,107 
Oise? WARMED 5 co2s2ct asec 2scesnp cs scosgsescsocosbacescccocosoeseEosenee 5, 787 6, 920 
Morale 3 See eMac UE en eer a Rte ea 13, 405 17,282 
Cereals: 
OB. -cogscasoonsaboncnocssdacdessoguor ste aeueescbosseszacsyoseecsaseecsanse 33, 316 31, 200 
IEE oe aaa ee Mac, haga ah eae eran cei riences eepefctetestie cre se 18, 136 9, 493 
PANINI COL EAS!” -7=)-/2/-- hs ECE Ee SCE Or ee OO a Ce RCE REEL PEE eee jae cee ese 55, 672 43, 280 


| 


Within the county, during the decade 1899 to 1909, there was a 
marked decrease in the production of market milk, while three ad- 
joming counties farther out, with railway communications, had a 
marked increase in milk sold (see Table II). The decrease in Jeffer- 
son County was 43 per cent, while the increase in three outside coun- 
ties was about 232 per cent. Jefferson county had a large increase — 
in the amount of butter and cream sold, which to some extent made 
up for the loss in market-milk production. Butter, however, is made 
in small quantities as a by-product on nearly all types of farms, so 
that the increase in this product can not be said to make up the loss 
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in market-milk production. The census figures further show a de- 
crease in the number of dairy cows in Jefferson County and an increase 
in the three outside counties during the same period. 


TaBLE I1.—Changes in the dairy business during the decade 1899-1909. 


Milk sold. | Cream sold. Butter sold. 
Area. 
1900 1910 ; 1900 1910 1900 1910 
Gallons. | Gallons. | Gallons. | Gallons. | Pounds. | Pounds. 
Jefferson County....-.-...-------------- 2,695, 233 | 1,542,455 5, 757 24,342 | 239,926 528, 915 
Three counties outside of Jefferson in 
vicinity of Louisville......-......-..-- 566,121 | 1,879, 136 58, 830 74,785 | 209,906 230, 244 


HISTORY OF IMPORTANT CROP AND STOCK ENTERPRISES SINCE 1840. 


The figures of the United States Census Bureau relative to crops 
and live stock give a fairly good history of these enterprises since 
1840. The high point of cereal production, characteristic of general 
mixed farming, was reached in 1870. Since then these crops have 
had a marked decline, while Irish potatoes, sweet potatoes, and other 
vegetables, characteristic of potato-truck and strictly truck farming, 
have had a corresponding increase (see Table III). 


TaBLeE II1.—Statistics of crop production, 1840 to 1910. 


; | X : Trish Sweet 
Year. Corn. Wheat. | Rye. eae! Oats. Hay. | Hemp. ‘Tobacco. potatoes. potatoes. 
Bushels. | Bushels.|Bushels.|Bushels.| Bushels.| Tons. Tons. | Pounds.| Bushels. | Bushels. 
1840...... 665, 899 | 115,175 | 16, 969 1, 750 | 156, 092 5,470 | @3124 | 75,360 660, 604 |......... 
1 850PS BS 983,429 | 92,809 | 2,300 6,110 | 128, 522 4, 944 120 9, 500 106, 657 8, 204 
1860... .-- 974,110 | 155, 785 | 12,352 | 45,305 | 134, 029 9, 543 204 13, 560 177, 963 31, 854 
TS7ORe 343 1, 059, 729 | 102, 820 | 12,454 | 49,975 | 368, 328 11, 228 38 9, 574 377, 382 104, 862 
1880. ...-.. 1, 056, 209 | 186,212 | 10,413 | 21,643 | 114, 793 INA) loaeeaooe 11, 6382 269, 066 99, 307 
1890...... 712, 674 | 217, 831 7, 624 3,669 | 148,350 POE Co) We Passe ce ae 5, 910 737, 533 117, 817 
1900... ..- 1, 003, 130 | 239,880 | 3,030 |.-....-- CHEE) i) C2IGGRY) Poof ee 132, 840 887, 640 150, 832 
19TO 2. 947, 024 | 147,835 | 3,708 |......-. 45, 9820 osceeos-| keene. 263, 200 | 1,195,631 | 174,721 
a Tons of hemp and flax. b Hay and forage. ce Potatoes. 


There have not been any significant changes in the total amount 
of live stock kept on the farm. Swine production fell off to a marked 
extent with the falling off of corn production. Dairy cattle reached 
their high mark in 1890 and 1900. Since then there has been a 
falling off in dairy production. (See Table IV.) 


TaBLe 1V.—Statistics of live stock, 1840 to 1910. 


: . Total Milch Other Working 
Wear: Horses. Sheep. Swine. cattle. cows. cattle. | oxen. 
ped eee ee | | 
PSA0 ee ee eet 26, 886 14, 971 42, 266 DIP TNG Se ie ee oe Bee 0 ac a ee ea Mee 
GS) Se eeeeeeeaee 4, 893 10, 798 39, 573 7, 987 4, 338 3, 220 429 
WEG SS hee eek 2 5, 915 7,911 35, 921 10, 087 5, 492 4, 230 365 
LEV OSS eden eee 6, 360 7, 089 34, 575 9, 334 | 6, 263 2, 957 114 
S80 2 oe ers ot 6, 278 € 12, 335 25, 976 11, 347 GN558) 4, 740 54 
TSO0S at ee: 7, 820 7, 463 16, 932 13, 250 8, 565 4, 664 21 
WONOS Exe Fos 2.ch 7, 792 8, 622 18, 481 13, 876 8, 750 OS 260 nee. eee 
TAS) eS See 7, 062 7,411 13, 700 11, 129 7,594 3; ,000)\ asc eeoe 


@ Includes mules. b Neat cattle. c Exclusive of spring lambs. 
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The history of crop yields since 1880 (see Table V) shows that for 
cereals the yield has been about stationary, while for mtensive 
crops such as tobacco and potatoes the tendency seems to be toward 
an increased yield. Figures for determining the yields of the many 
different vegetables are not available. There is a tendency toward 
the increased use of commercial fertilizer, which is undoubtedly 
a factor in the increased yield of potatoes especially, and no doubt 
the yield of other vegetable crops has been increased thereby. ‘The 
1900 census gives the value of fertilizers used as $90,300, while that 
of 1910 gives $148,582. Besides commercial fertilizer, a large amount 
of stable manure is bought in Louisville and hauled to the truck farms. 


TABLE V.—Comparison of crop yields in Jefferson County, Ky., during 4 census years. 
’ ’ 


| Yield per acre. 
Crop. 
1880 1890 1900 1910 
| 
COT eee oe So eae oe See eee ee eee Seem bushels 27.3 31.2 30.1 30.4 
Wie ait iret oot a Ek i Shonen Real eee ah ga Ae as do. 12.9 16.8 13.2 15.6 
TR ViG = eae eee ae ces Se ee SBE oe mene En ee A Se aa do. 9.5 10.1 W5r2 12.0 
IBarle yiseree one cite i= SOS FRO EEE cy NEE eR Eee eee do. 23.7 TH) elas EEE Seid Sees 
OAS E eS epee tare SR IEE et arene Ss me eens do- 14.3 12.0 22.9 20.2 
1S I ene tes Reve GS RePaE Ne aeae cot aaa eens oe a ap a ee ee, Ue tons Md, 1.0 2; isi 
LROD ACCOM Hees eee oe ee Re RT SN Sn Pe eT rl pounds. . 447.4 738. 7 790.7 978.4 
ITNT OOAKOCS. - cae aeeeneseseon seat oeecouatoe eseteeas ae bushels. - (a) 157.2 136.0 238.3 
Sweetipotatoesi- is. eee ee eee meee cane meee do.... 118.7 143.3 138.0 157.8 


a No data available. 
SOIL AND CLIMATE. 

No soil survey has been made of Jefferson county. The soil in the 
northeastern part of the county is a clay loam similar in character 
to the bluegrass soils farther east. While much of the soil in this 
portion of the county is fundamentally of limestone origin, there is 
a large mixture of river deposit, especially where the land is level. 
This deposit from the ancient overflow of the river has given the 
soil a dark color and a different texture from that of purely limestone 
origin. 

Along the river south of Louisville there is a strip of land 15 to 20 
miles in length and 1 to 7 miles in width which has more of the char- 
acter of a sandy loam. This section is lower in elevation than the 
section, east of the city and in some places is swampy. While it is 
productive and capable of maturing vegetables earlier than the 
heavy sous east, it has not been in as much demand for residence 
property. Thus the market value of land along the river and south 
of the city is lower in price than land of equivalent agricultural value 
toward the eastern portion of the county. 

The southeastern part of the county has relatively the poorest 
quality of soil, besides a portion of it being hilly or mountainous. 

Except where the low rim of mountains above mentioned enters 
the county, the topography is generally level. Much of the region 
might be termed river-bottom land. 
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The climate is typical of that found in the lower elevations of the 
south-central States (see figures 2 and 3). The winters are com- 
paratively wet, the highest average rainfall coming in March. The 
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Fig. 2.—Diagram showing average climatic conditions. 


dry season begins in July and ends in November. The average 
growing season extends from about the middle of April to a little 
past the middle of October, a period of about 186 days. During the 
year about 200 days are available for field work. 


RANA [van] Fea|an[araRAy [sun [vu [ave [see [ocr jaw [oe] 


oO a a 

Ap aN ia 
Eaake | 
ae 
can 


E: al 
my eee: El 
Pelee a2 

@ 
Ei 


re 
ae 

SECT IE 
eo eet Tela 
aL Sme soe 
Ok oe ee 


smenree AVERAGE IVIG 
SEASONAL DISTRIBUTION OF LABOR REQUIRED BY CROPS. 


Fic. 3.—Diagram showing actual rainfall in 1914, with normal. 


The seasonal limits within which a crop is raised and marketed 
are determined largely by the climate. Long agricultural experience 
in a locality will result in the selection of such crops as are adapted 
to the natural and economic environment, and will establish a com- 
mon practice in cultivating and harvesting them. Thus is devel- 
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oped a cropping system which is characteristic of the community. 
Figures 4 and 5 show the seasonal distribution of labor on the prin- 
cipal crops in this locality. Truck crops, of course, have an im- 
portant relation to the cropping system here, but they are so numer- 
ous and the practice related to them so complicated that it was 
thought best not to give in this bulletin the seasonal distribution of 
labor on any of them except Irish potatoes, sweet potatoes, and 
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Fic. 4.—Diagram showing the seasonal work on general field crops. (Solid lines indicate average 
season; dotted lines extreme range. 


onions, which have on farms a place more nearly equivalent to that 
of general field crops. 

The heavy lines show the limits of the average season for the 
operations required. The dotted lines show the variation in the 
practice of different farms or the variations on the same farm from 
year to year due to weather conditions. Charts of this kind have 
been used by individual farmers and found to be of considerable 
practical value, in that they help to form a mental picture of the sea- 
sonal labor requirement for the year. 
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Fig. 5.—Diagram showing the seasonal work on potatoes and onions. (Solid lines indicate 
average season; dotted lines extreme range.) 
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DESCRIPTION OF FARM PRACTICE. 


As will be shown in the following pages, several types of farming 
are found here, representing two general systems of farm practice, 
the extensive and the intensive. The farms practicing the exten- 
sive system are found toward the eastern part of the county and 
become more nearly typical as the bluegrass region is approached. 
These farms usually are large or medium-sized. The rougher and 
stony parts are kept in permanent bluegrass pasture. Orchard 
grass and clover are grown in rotation with grain and potatoes. 
Live-stock enterprises, dealing chiefly with beef cattle, dairy cows, 
sheep, swine, and horses, are important. Irish potatoes, which 
often take the place of corn as an intertilled crop on these general 
farms, commonly occupy 25 to 50 acres. 


TaBLE V1.—Relative distance from market and size of farm to diversity and intensity of 
cultivation, illusirated by 17 farms. 


IhyAdd IN@ss.08ssess85o0b00 1) 25) 32) 4 5) 6 7 | 8 | 9 | 10 | 11} 12] 13) 14] 15} 16] 17 


Distance to Louisville pe 
(niles) Saeeeeeee ee eeeee 20 | 20] 20] 14) 12])10} 10} 9} 8] 8}8]5)5)5)]5)] 4) 4 
Size of farm (acres) ...---- 350 | 340] 300] 60 | 60 | 65 | 297 | 247/137) 324 | 80 | 70 | 100} 53 | 123) 130) 35 
Value of land per acre -- - -| $100 |$100,$200/$100)$100 $100} $75 |$100;3100| $200 $600 $300 $600 $700|$700 3500 3650 

Ac. |Ac.|Ac.|Ac.|Ac.|Ac.| Ac. |Ac.|Ac.| Ac. |Ac.|Ac.|Ac.|Ac.|Ac.|Ac.|Ac. 
Potatoes, first....-------- 25 |....|45| 5] 4) 13) 18] 15) 10) 32) 30) 35) 11} 20) 4) 40] 25 
Potatoes, second..-.-.---- 8} 50} 5] 103} 5] 9] 28) 20) 15] 14 ]..-.| 10 | 50 ja21)....)...-)@ 25 
Sweet potatoes.......----]----- sodo|feaoellosoa|sae5 socalacoce cecellsceollbooes O)iesse| 1831) 10) 73 i) 1) eae 
Cabbage-.-...------------|----- g62c|/s>>4|s555|2e5e e0se|ecace 2306|accdeasoc 7|¢2\a6| 4] Ilelo| 4 
Field onions......-..-----|----- sescloscalloced||3025 2oss|[oo55¢ sceq| 4 ileo4e0 Gy leseciie! |) 451) aliiore! || aes 
Onionsetsteeee ee eee alee 4) ocodljssoq|acec Seadlacoe> s5eq|Sceallecdes SEO eseaeocc| Il ICs} 
Onion seed.....----------|----- OB Neseallocecl| lealescallocace cooolssodlaeaen @N5 | os4\|scoe Seacle 
ANG TEOESS 5a cagccsesooued||coso= seccllesea| Ib ooce|oeedlccass scodloecallcese > sobell eale Ch lleeae th es} Ho 
Roasting ears...-.-.------|----- s42qlocca|sucn|loose sc0qfooo06 socjscoe|oacs sosdlocoa\/1l0) |[socoJosoc 10 |. 
IWAN 5 3b oop omnoneasencoe||s0090 spadfsacal[seoclloses Ssoedloosee||ssod|ocodlosace secu) & 2 ere | (ome 
WIEN Becooccassossoesgsaavelocaes scccosec|caodlleocdloseooaced|socclocac|lsaneclosce ai}. =o |) <8, - Ba 
Asparagus....-.---- Sep oos |aoecr aged\accd|acaoljoose soSq|oceed||-529|[o00s|osue¢ 2 \lscoa) ¢b loacelle 4]. 
Carrots ieee eee) -\- |e 260¢|[coeelJacos|lsoec BBG oobad| See iaame|Wacee loasalecdc 1 I. 
Rhwbanbwasesess saeco eel eee sel ese eee listers eretate| lo stelle ernerel sie tel peers ee = = Pee) bance lec: 
Cauliffowerseeeeeeeeeeee See soa bere tees eee Bepalebeace E yedlmaea| meat BW Wecsalfe 2 
TBCANSRee peer eciciteciinie oe ei 2cdelleeea|lcoudl4aa5 Socclagosellboualssaallsccce ai\a6 
CWC BIT) NS. oo oso pe oseocsslsscod|scaclooea|lacod|socal|sceqcocedlecooiiacocllocas 1 1 
SIO SS MBG. | So opodosod|ocooslooec|sdocloosul|aseq|sesall- Soe-|ssecllsacollesace Wesoel) 2 4] 4 
LEP NII OS 35.4 Se GRAS SeOEe oH apeee Toke seme boce acca aocdiacoed joeed seed sees > i Sy BB alle 
IED TBS 6 5 on aoeooseaasonedloasae Py Seoe ebe eee se dee eoce seced|scalidecel sec clases |asccliee sali? 
SIDMENG Is 655 osceeseeeteee be ses Sauel aeeal Sees |o4e5 Sour losoos secs laces mates a6|a2}. ae 
Melonsaanee a seisee ce -s|Seeee poo ase eee ees lene” (ol aerscie ees las eens ---| 1. Beeale 
Cantaloupes....----------|.---- Eeealesualasoe) li balecvale gacsleoea seed acoso. etic 5 |. 
Strawberries......-.------|.-.-- Ae Ee salt ae laleee ce |temerl eon. sc cate eee alt 
BIA CK DORIC Seems = acer eee sea af ener ence lbaeic lo eeeleeeete loeeatioaess| ccc 
1h ie aa lodee sped sere ciebosigare 
TERS: soelIES ed bale EES Eee 
syserel teers] MOM eeeter RSC ESS EEO Sato ol OSee Seea sae claccc lsseclesa= 
sol LUE) 40) GO) |) ay) 2) | ID) iota) WN ece locesllsaae 
Soeolocoe| 10) |) S24) G04) WO) les. laseals 
BiG leegco 2s Peete Hl) Va || ae el ea 
--|@10]@ 20 ja20}..--}@ 15 |@ 5 Ja15 Ja 13]... 
AMO Oh) 555 ee gceseonese= Jsenslasea) 4) 8) 1M yess) 2) |) SO WON ea WO | TS. fess 
Orchard grass....-------- ZO Soe ees eee Meeileecalcoses Solace waa AO Al erat || eyes cllesege 
Cowpeas ieee eres a eeee || AOI eb} Gal eeealleeesesese soos! SOM) Wess Neosiee- lesse | 
A fat aRir resets nce cele. oe LOA etal ccae) osc) aee eee Majeteieeierells wt-2) = | ial aren hen A | yee oa 
Millet! <4 eee tt see eee Sp alcaealoeoalanerleros lseecis sal sacall een 
Soyabealiseeeereee eee eee 15 SH uNie ese i025 | aie ae Aah 
TNC ae Se ete aie esi Se ee | ere cee | rete | eestor lie caren arch cil epee eres Seis 1} | 
(Or oye Sh See Gb earEocrolleosoe asccnsee eo aeee nel anne 230/10 | 


a Double cropped. 


INFLUENCE OF A CITY ON FARMING. 11 


On the smaller farms nearer the city the farm practice is entirely 
different. About all the tillable area of these farms is planted in 
field or truck crops, a very small percentage being left for pasture. 
Much of the land is double-cropped. These farms near the city are 
smaller in size than those 10 to 20 miles out. The size of the busi- 
ness conducted on many of them is large, however, owing to more 
intensive cultivation. These farms show greater diversity than the 
big farms, and the crops require much more labor and fertilizer per 
acre. These factors are well illustrated in Table VI. 

The truck gardeners generally keep something growing on the land 
all the year. Kale and spinach are favorite winter crops. Some of 
the crop may be marketed in the late fall and early spring, and the 
remainder is turned under. Rye is commonly sown to be turned 
under for a late crop of potatoes. 


RELATION OF DISTANCE FROM CITY TO TYPE OF FARMING. 


The farm records taken were distributed as evenly as possible over 
the county and no thought was given to the selection of any particular 
type of farm. For this reason the farms at different distances from 
the city will represent fairly well average conditions. Mention should 
be made, however, of one factor which interferes to some extent with 
a study of farms grouped according to distance from the city. As 
previously stated, a strip of land extending 20 or more miles south 
along the Ohio River is almost wholly utilized for trucking, so that 
for this area the factor of soil has a predominating influence. Table 
VII would indicate, nevertheless, that distance from the city has an 
important influence on the type of farming. Truck crops (except as 
influenced by the factor just mentioned) and potatoes are dominant 
enterprises near the city. Receipts from such field crops as corn, 
wheat, hay, hogs, and stock cattle are grouped in the table under the 
head ‘Receipts, per cent, from other sources.”’ These enterprises 
are characteristic of general mixed farming, and become more im- 
portant as the distance from the city increases. Dairying also be- 
comes more important as distance from the city increases. 


Taste VII.—Relation of distance from city to type of farm. 


' Receipts, per cent. 
. Rent of 
. cieet Number of| Size of 
Distance from Louisville. racondel remit and eer Brora me ron 
‘ truck and dai other 
potatoes. Ty: sources. 

8 miles or less..........--.---- 25 102 $11.85 68 10 22 
SOM a mal eS a2 iain See 18 2 -59 35 12 53 
H2\tol4 miles... -...2252.2222.2 24 256 52380 34 20 46 
15 miles and over...........-- 33 257 4.66 20 27 53 
AN TATIM's eeatere Spero = =.= 100 211 6. 80 38 18 44 
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These facts relative to the type of farming have an important rela- 
tion to the value of land and the size of farm, as is indicated also in 
this table. Farms increase in size and the rent per acre decreases as 
the distance from the city increases. 

The lesson to be learned from these facts is that close proximity to 
a large growing city tends to make it more profitable to grow truck 
crops which can be marketed fresh to the consumers in the city than 
the staple crops characteristic of general farming and supplying a 
wide market. The nearer a location is to the city the more valuable 
the land becomes, because it is demanded for dwelling, factory, and 
transportation sites, etc., in competition with agriculture. On high- 
priced land none but intensive agriculture will pay. Because land is 
more valuable near the city, and since a large farm business may 
be conducted on asmall piece of land, the farms tend to be smaller 
near the city. 

Frequently a farmer owning a comparatively large tract of land, 
300 to 400 acres, finds the city growing towards him, increasing year 
by year the value of his land. With this increase in value of land goes 
an increase in costs of production. Unless the farmer changes his 
type of farming to meet these conditions his business can not be made 
to yield interest on the increased capitalized value and a profit in 
addition. Under such conditions the farmer usually sells all or a 
part of his land to be divided into smaller tracts, either for dwelling 
and industrial sites or for smaller farms operated more intensively. 


THE SMALL, INTENSIVE FARMS NEAR THE CITY ARE THE MOST PROFITABLE. 


With intensive farming and higher production per acre the farmer 
is enabled to carry on a good-sized business on a small-sized farm. 
In fact, in this study no relation appeared between the size of the 
farm and the size of the business conducted. The capital invested 
in the average large farm did not differ materially from that invested 
in the small intensive farm. (See Table VIII.) 


Tasie VIII.—Relation of size of farm to operating expenses per acre and to land earnings 


per acre. 
: Average | Operat- 

Distance : eae Gross Land Profit on 

Size of farm. ue to Louis- ieee Peet receipts | earnings seor invest- 

: Ville. eral, per acre. per acre. | per acre.a o ment. 
Acres. Miles. Acres. Per cent. 

Less than 806......-. 21 9 44 $73 $96 $23 $1, 000 a 
SOOM SOM ase eee 25 12 121 36 45 9 800 5.6 

160}t03299 Fe eee 33 13 212 15 20 5 100 4 

300-and over.....---- 21 16 420 14 18 4 140 4 
Allfarms...... TOO Eat eee 199 32 | 42 10 [cce 2c aol ek maaan 


a\and earnings per acre as here used is what is left after paying all operating expenses, which include 
all current expenses, 6 per cent interest on working capital, and the farmer’s estimate of the value of his 
labor and services as manager, amounting for the average farm to about $600. Land earnings would be 
then approximately what the landlord might expect as rent. 

bImproved land. 
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According to Table VIII the average farmer with less than 80 acres 
spends $73 per acre in operating expenses and gets $96 per acre in 
gross receipts, thus making each acre earn, net, $23. On the other 
hand, the average of 21 farms over 300 acres in size expends in oper- 
ating expenses $14 per acre and gets $18 per acre gross receipts, mak- 
ing each acre earn but $4. Among the farms represented in the table, 
the small, intensive farm is the more profitable, both from the stand- 
point of wages for the operator and from the standpoint of invested 
capital. 

The average of 21 farms less than 80 acres in size gives the operator 
a labor income of $1,000 and 7 per cent on capital invested, while 
the average of 21 farms over 300 acres im size gives the operator 
a labor income of only $140 and 4 per cent on capital. The main 
reason for low profits on the larger as compared with smaller farms is 
that many of the larger farms are not doing intensive enough agri- 
culture to meet the new conditions brought about by a large and 
growing city. 


DISTANCE FROM THE CITY A FACTOR IN THE VALUE OF LAND. 


As has been pointed out, the building of good roads, the extension 
of trolley lines, and the nearness of the city have made much of the 
land in this section desirable for other than agricultural use. Such 
conditions will naturally make the average market value of land 
higher than it should be for agricultural use alone. As would be 
naturally expected, the market value of land will tend to increase as 
the distance from the city becomes less. This is indicated in Table 
IX. Other conditions, such as soil and topography, however, may 
counteract the influence of the city. 


TABLE 1X.—IJnfluence of the nearness of the city on the value of land and rent. 


« Rent of Value of 
Distance to Louisville. Ey fattest land per land per 
; acre.a acre.a 

JLASS NRTA AEC eS 5 toe ae Oricon COs ae DUPE en ort clon ae Sogn 25 $11. 85 $312 
S} GD UM Tawi eg seen aR aR ss ee aR a ei a 18 5.59 110 
1174 10) TA! Saaut ASA ee eee ee: AY aes te ee eee ate OF Sees aster eee 24 5.37 106 
CQyircaie TH! ian (ays) Sila A a a ee tel RU ee 33 4.66 95 
PUSPATI SMe ema te at cl sea ae test iniaie ea eee mea aE Ie oe ete Pe 100 6.80 158 


a Farmers’ estimates. 
MANURE AVAILABLE IN THE CITY. 


To some extent large quantities of stable manure are used by truck 
farmers in the vicinity of Louisville. This is usually bought in the 
city for from 50 cents to $1 per load, averaging about a ton in weight. 
Two farmers doing a large trucking business about 4 miles from 
the market place in the city each kept a man and team busy most 
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of the year hauling manure. Very little is hauled more than 8 
miles out. Of course some is shipped out beyond this distance on 
railroads and trolley lines. No doubt the availability of manure at a 
reasonable price is one of the limiting factors in profitable truck 
farming in the vicinity of the city. 

Truck farmers customarily put the manure in large piles to rot. 
It is then hauled in small two-wheeled carts and scattered wherever it 
is wanted. 

Table X illustrates the effect of land value and nearness to the 
city on the use of manure and commercial fertilizer. Besides these 
fertilizers, a considerable amount of green stuff, such as rye, clover, 
and kale, is turned under. These products are not included in the 
total cost of fertilizer. This table shows that the use of commercial 
fertilizer here is not as important a factor as in many other trucking 
sections. The land here, as a rule, is naturally fertile, and, as is 
evident, manure available in the city largely takes the place of com- 
mercial fertilizer. 


TaBLE X.—The effect of land value and nearness to city on the use of manure and com- 


mercial fertilizer. 
Value of farm manurea and com- 
mercial fertilizer per crop acre. - 
Value of land per | Number of| Distance to} Size of Rent per 
records. | Louisville.| farm. crop acre. By Commer- | oe 
cia Ifer- otal. 
THA MUTES tilizer. | 
| 
Miles. Acres. | 
Less than $80. ....-. 23 16 284 $5. 50 $3. 75 30.60 $4.35: 
$80 to $150........-. 34 13 250 6. 60 4.50 70 | 5. 20 
$151 to $200. ......-. 22 12 188 8.75 4.60 1.90 | 6.50 
Over $200.......-.-- 21 8 95 15.00 18.00 1. 25 | 19. 25, 
Allfarms..... 100 12 212 8.60 7.35 90 8.25 


a The average value of manure is here estimated to be about $2 per ton load laid down on the farm. 


A COMPARATIVE STUDY OF TYPES OF FARMS. 


In the foregoing study of the influence of the city on farming, it 
is shown how there is a tendency for these farms to be smaller and 
more intensive near the city, while the farms 15 to 20 miles out are 
larger and raise general crops—corn, wheat, rye, bluegrass—and 
keep various kinds of live stock, such as beef cattle, dairy cows, sheep, 
and hogs. These enterprises are the sources of farm receipts, usually 
pretty well balanced between crops and live stock. Such farms may 
be classified as the “general mixed type.” If dairying becomes a 
dominant enterprise, with 40 per cent or more of receipts from milk 
or milk products, the farm may be classified as a dairy farm. If 40 
per cent or more of the receipts come from potatoes alone, the farm 
may be called a potato farm; if from potatoes and truck, a potato- 
truck farm. 
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These classifications are shown in Table XI. While farms of the 
different types differ greatly in the amount of land utilized, there is 
not so great a difference in the size of the business conducted. The 
capital invested and the expenses of operation furnish a good basis 
for comparing the size of business of each type. 


TaBLeE XI.—Relation of type of farm to size of business and labor income. 


| _Acres of Value of Total 


| Number of = operating Labor 
Type of farm. } improved capital F 
’ records. ° expenses income. 
| land. invested. per farm. 
GHucratimrxed= 20 S20) <2 2-52. = 2 eee es | 39 270 | $34, 700 $3, 667 $126 
ib tee Ae ee 5a 22 205 | 27,782 3, 686 441 
OLA ee ee nao =o Scat eee oe 11 192 35, 3,715 333 
LEC] REUSE i Sa 24 62 20, 000 3, 950 1,350 
i lilimminges sere seins ae | 96 195 | 30, 084 3,738 520 


The potato-truck type of farming is by far the most profitable of 
the 4 groups. This fact undoubtedly accounts in large part for the 
tendency toward more intensive farming, as shown by a comparison 
of census statistics in 1900 and 1910. (See p. 4.) 

It must not be concluded that the potato-truck farms grow only 
potatoes and truck, or that potato farms grow only potatoes. Other 
enterprises, such as corn, wheat, dairy cows, hogs, and sheep, have a 
place of more or less importance on most farms of these types. So 
also many dairy farms and general mixed farms handle enterprises 
characteristic of the more intensive types. 

In the organization of the more profitable type of farms account 
must be taken of location with reference to the city, to soil, and trans- 
portation facilities. As the population of the city increases there wil] 
be a larger demand for farm products, including truck crops. The 
climate here allows the production of an early and a late crop of Irish 
potatoes each year. This condition, combined with excellent facili- 
ties for storing and marketing potatoes, makes possible the continued 
development of the potato-truck type of farming. 


DISTRIBUTION OF CAPITAL ON FARMS OF DIFFERENT TYPES. 


Table XII shows the amount and distribution of capital on the 
types of farms included in this study.’ Potato-truck farms have the 
smallest investment both in real estate and in working capital. The 
- investment in machinery and buildings is also lower than that of 
other types. The dairy farms have the least invested in cash to run 
the farm. In dairy farming money comes in at short intervals, so 
that comparatively little need be kept on hand to meet expenses. 


1 Most of the farms that may be classified as strictly ‘‘ truck farms”’ are south of the city along the 
Ohio River on the sandy loam soils. Because there is not much demand in this section for suburban 
residence property, and because there still remains a good deal of undeveloped and unoccupied land, @ 
prices here are relatively low. These facts partly account for the low capitalization of these truck 
farms. 
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On the other hand, in the potato type and general mixed type a much 
larger amount must be kept on hand to meet current expenses. 


TaBLE XII.—Relation of type of farm to distribution of capital on 96 farms in Jefferson 


County, Ky. 
[Values are averages.] 

Nuim= Market | Work- | Invest-|Invest-| ¢,.,, | Invest-| Value |Valueof 

moneottarm perof | otal |valueof| ing | ment | ment |, > 7p |mentin) _ of other 

yP * | ecords.| C@Pital.| real | capi- | in live | inma-| 4? "| work | dwell-| build- 

‘i estate.a | tal.d | stock.c |chinery. stock. | ing. ings. 
General mixed.... 39 | $34, 700 | $30,589 | $4,111 | $1,977 | $722) $785 | $1,050 | $2,619 | $1,626 
IDEM coo ssoRosese 22) 27,782 | 23,247 | 4,535] 2,911 697 448 661} 2,950 2,349 
(Rotatoresse=s == 11} 35,000} 31,406 | 3,594] 1,358 769 | 1,100 923 | 3,545 2, 002 
Potato-truck.....- 24} 20,000} 17,511] 2,489 847 620 698 697 | 2,062 946 
Allfarms.... 96 | 30,084 | 26,198 | 3,859 | 1,986 691 706 844 | 2,660 1,707 


a Value of real estate includes value of dwellings and other buildings. 
b Working capital includes feed and supplies, but these are not separately given in this table. 
c Investment in live stock includes the value of work stock. 


THE UTILIZATION OF LAND AREA. 


The potato-truck and truck farms have about 80 to 90 per cent of 
their improved land area in crops and about 10 to 20 per cent in 
pasture. These two types of farms show a better utilization of im- 
proved land area than other types, from the fact that 10 to 30 per 
cent of their improved area is double cropped. A very small amount 
of double cropping is practiced on the more extensive types of farms. 
Table XIII shows the utilization of land area by types of farms. 


TaBLE XIII.—Relation of type of farm to the utilization of land area. 


Per cent improved land— 
Acres of 
Number of} improved 
Type of farm. + 

records. iad itt In crop In pas- Double- 

area. ture. cropped. 
Generalimixed ts... -soecjoca seca eeecicnaeelse 39 270 70 29.7 1 
DIP soe ee cee eee de Sais Seseeieea beanies 22 205 48 51.6 4 
POtatoa Rares sen eenisiass oo ete ak Soret il 192 77 23.0 6 
Potato=truckeaa ss onac ten cen eae nse ae 24 62 86 14.0 20 
Al farm syn scweien sos ocsiseess estes s 96 195 69 31.0 8 


The pasture area on small and intensively cropped farms is usually 
the rougher portions of the farm along creeks and sometimes the 
stony and ill-drained parts. On the larger and more extensive types 
there is, besides the permanent pasture, pasture in rotation with 


other crops. 
DISTRIBUTION OF CROP AREA. 


Table XIV would indicate that about 50 per cent of the crop area 
on the average truck and potato-truck farms is used in growing truck 
and potatoes, crops which represent intensive farming. The 
remainder of the area is used for growing corn, hay, and miscellaneous 
erops, principally for feeding the work stock, dairy cows, and hogs. 
In the other type groups also a small percentage of the farm area is 
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devoted to truck and potato crops, showing the importance of these 
as money crops and the tendency toward more intensive farming. 
The largest percentage of green manure crops are found on farms 
specializing in potatoes. The practice is usually to sow rye in the 
fall and turn it under during the latter part of May or early in June 
for a late crop of potatoes, which is usually planted during the 
first two weeks in July. Turning under the rye and keeping the 
ground in good tilth and well packed with a plank drag or roller 
serves to retain moisture, to store humus, and to make general soil 
conditions favorable for the potato crop. 


TaBLeE XIV.—The distribution of crop area on different types of farms. 


Per cent of crop area in— 
Num- | Crop 
Type of farm. ber of | area in Muscel. | (Greer 
records. * | Corn. | Silage. y ole: Wheat. ableads Truck. | laneous| manure 
5 y- crops. | Crops. 
| 
IROLALOCS= ==. an.0 11 133 17.9 3.4 24.9 16.2 12.9 3.5 8.8 12.4 
Potato-truck.-...... 12 60 FSO ee oseS 29.6 1.2 12.2 24.1 8.2 9.5 
PET Chas Aste cece 12 45 TRG Ree seoac 13.1 1.3 12.7 39.9 13.5 2.9 
DAIRY e oe oseee oes ess 22 82 26.0 9.1 5.7 7.3 15.7 2.4 28.8 5.0 
General mixed...... 39 160 27.2 9 8.6 | 17.9 21.4 2.4 14.9 6.7 
! } 


DISTRIBUTION OF ANIMALS. 


Table XV shows the distribution of different classes of animals on 
the different types of farms. On the intensive types, dairy cows, 
poultry, and swine are comparatively more important, while on the 
more extensive types, stock cattle, horses, and sheep are relatively 
more important. On the more intensive types of farms growing 
potatoes and truck, there is relatively a large amount of unmarket- 
able products which, without stock to utilize them, would be wasted. 
Dairy cows, swine, and poultry utilize these as well as the permanent 
pasture, and thus are profitable when in proper proportion to other 
enterprises. 


TaBLeE XV.—Distribution of animals on farms of different types in Jefferson County, Ky. 


Distribution of live stock. 
Num- 
Num- | ber of 
Type of farm. ber of ant: ns - Work 
records.| mala airy oung stock A Poul- 
units. | cows. | stock. | S'*™S-} raised | Sheep. | Swine. | “try. 
| for sale. 
P. cent | P. cent.| P. cent.| P. cent. | P. cent.| P. cent.| P. cent. 
OURO eee ee cl cictel miei = 11 12.0 30.8 13.0 12.0 1.4 2.0 23.4 17.4 
Potato-truck._.-....-.---- | 12 5.9 37.7 SiON eee sece BAS | ee Seas Sie 16.3 
“TO SASL Se | 12 Al 29.9 1 Gy | Seal Spee ere ea be eee 24.6 31.0 
IDA hee Be ee ee H 22 40.3 62.1 13.5 2.0 3.5 4.7 9.9 4.4 
General mixed...........-. | 39 23.1 22.0 10.3 13.1 geal 8.9 32.8 9.5 


a An animal unit is the equivalent of a cow, horse,or mule. Four calves, 2 yearlings, 5 hogs, 7 sheep, or 
100 head of poultry are assumed to be approximately equivalent to an animal unit. The assumption is that 
each of these equivalents consumes about the same amount of feed and produces about the same amount of 
manure measured in terms of fertilizer value. 
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DESCRIPTIONS OF SEVERAL FARMS ILLUSTRATING TYPES FOUND IN 
THIS SECTION. 


In the following pages are given descriptions and summaries of the 
1914 (farm year 1914-15) business of several farms, which illustrate 
the various types found in this section. The comments made on 
the organization and success of each of these farms will be better 
understood if the average yield of various crops and the amount of 
labor required to produce them are given. (See Table XVI.) These 
figures will also be of great practical value in estimating the total 
amount of man and horse labor required in growing any of these crops, 
as well as the total yield which may be expected under average 
conditions. 

The farms which have been selected are among the more successful 
ones, and for this reason may furnish suggestions for good farm 
organization in this locality. 


TABLE X VI.—Estimated 5-year average crop yields per acre, and the amount of man labor 
and horse labor per acre required for important crops on certain farms vn Jefferson 
County, Ky. 


a Labor required per 
Esti- | acreor animal unit. 
Number mated 

Farm product. of Unit of yield. 5-year = 
records. average | Ten-hour| Ten-hour 

yield. man- horse- 

days. days. 
\ Per acre. | Per acre. 
(Diora ee le tesr ca age e RRO Ora: te ees a ae Pd 25 || Bushelsi-2-2-2..22 34 3.4 By 
TOE O SSS SOG SHOE ea es) sarees oa Sop wis ALLE Seen eee eee 55 7.4 8.2 
RVVALLG sa SURREY bine 25 | Bushels.........-- 21 1.4 232 
2on Keene OXChas gas ssa eeee 17 1.5 2.5 
Os) IND ooocsSccebeos 0.9 1.1 1.8 
Pi) | WRU R ESE RED G Er ooRmaTael a nabicccood 2 .6 

Oats: 

Maza e) aVe(6 ys ae Si Ae eae ae eB pe 25) ushelsee sees esas 31.4 1.3 1.7 
Medsnibund ley sees sea Os} I}, ANOS sc cabbcooesodec 1.1 1.3 2.0 
Meadowshayn ee ei ae eels uae eee P28) |laocco Coster 22 1.0 1.1 .7 
Orchandierassiseed n= epee eeeeere Ci a aacoasHescooEcers aocoRsuNes 1.0 ad 
Cowpeas and sorghum.............-------- Qi AR ONS See a eee ee 1.5 Ine ONT 
IN EOD KS} Rs le pie) NOL eee 8 CEI erie 0 Ka Gages aera ata 1.6 1.7 De 
SOP DINU yee ey eee pees cle GV llooos GOs Sse ce es 4.6 2.0 3.0 
SAU Pan Tey sae Slat NS hay mend.) eauleated a Dl ere Gore. Be gah ee 2.4 3.4 2.5 
Sweetpotatoests.- 42. eeees ese cae. 7 | Barrels..........-. 78 18.5 10.0 
barge onions eee inet ce pee eee: LOW aces On stectateks 57 28.1 12.4 
Cab baceee eRe ae Ayes Soe Iee RENT aie U.|| Crbyieseoeeocoocuess 161 18.2 9.2 
FROME FOSS eee ese Ree area ne aR ns ne eur Rees 7 | Bushels.......-..-- 175 26. 4 14.7 
AEN DE ae, rn) PNR SOUR ay Behe 8 eT ae RN Bhs setae I RAL i eee 3.7 3.4 
TRY) SIS os 0 re hese Ene I pane) 3 | Bunches.....-.--- 4,133 100.0 9.0 
Snapabeansryse ser soa a ete eee el ae 2| Bushels.........-- 74 11.0 7.0 
Cantaloupessec.co.0. ee 5 ee ge er ue Shp Crateseeesose eee 143 10.0 8.0 
BING kdoermiesse eee soto eete phere ees ce yes 8) llceace GORA ne 88.7 78.0 14.0 
Stravwiberriesecs 5 O02 oR ia (@ \loo560 CONS eee sete oe 101 30.0 10.0 
Roasting ears... .. EA CU EE) a PY 6) | Barrels=--5-------- 32 6.5 6.8 
PerA.U.|PerA.U. 
Cows on retail milk farms ..........------- TOM eee se ee oiraisre | ns ome 21.3 7.3 
Cows and young stock, general farming... . 1S ee ASR eSr ca wee ae ae ME «Gc aoree 12.6 Mea, 
SUGETS ese eee a Ea OTe ele TPT ese Ne ea ee Te CA 3.0 2.5 
TORS ier ae eet cise tse os ns eeu EUAN asia pee A sie US na te Be 6.3 1.0 
SHECD aes eae ee ae ae elena apse eM Seu aE Te SS So SIR oR Cre era ret cease 3.6 1 
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FARM 1.—A 60-ACRE TRUCK FARM. 


Farm 1 is located about 12 miles from Louisville on a clay loam soil 
below the average in quality, the value being only $100 per acre. 
The following is a statement of the business for the year 1914. 


BRO tavlie spall eye 2 2 2 AR oe ah Ra ON UE ae ee $8, 500 
Wiorkinoreapitalees. . Ripe ofa s aee ets Sew ce tian CRON ay Ree 2, 534 
Pinroticd lr Co tu Pay es 2 Mae ek ee I RN PRN Na 3, 000 
“Nov eb. OST aNs) 21S) eee oy SR RY NA een ee ay 653 
INECeIp is TOM POtatlOesa qe san)... Ae eee a oe we Mie 735 
eecelp SH TOU PUL CK. ere eee. a. eran ee ae ee ee ven 1, 988 
Eel OTRTA COMME ee same etree sec a ee rt an eet uate oe Lg aa area 2, 300 


The crops sold were as follows: 


icihVepOLALOeS A ACTES ae. SNE ye ie es $180 
MERCH DOLALOCS: ;OVACTES Eee). 2 = sew See A ea seco Ie epee eave 505 
RD UMAWIDEIIIES a. ACTeS user ii. Se Mere ea ea ee 330 
Onin onysecd sar acre: === meee. 5. SERS EE Ra Re ae DLS ee 90 
War eerOmiOns Ml aChe see mec =: A See uMyele se Gun l Si se oie sa 480 
(Contaloupeslsac4resemrs -2 fs. a See ees Se Se ae ace 338 
Melonsmilvacre: 22. Wer =2. 5... see ee ie ee cla 100 
PormatOes ml ACTO = ek RRR Bhs se be Meme eS Sine aos era a 250 
STAD CSMEHACTOS is, : Ge 302.0 2 ee aL See are 200 
crancenmyealeds IaCre weet Ml nie Meeps hia eras amie ee ee ei ee 200 


This farm bought no manure from the city, being too far away, 
but $87 was paid out for commercial fertilizer. There were 5 cows, 
bringing in $461, 2 head of young stock, 12 hogs, 200 chickens, and 
3 horses. Twenty-two per cent of the receipts were from live stock. 

This farm raised 11 acres of corn and 10 acres of hay, both crops 
yielding well, so that only a small amount of feed was bought—$81 
worth. Crop yields were about 15 per cent above the average for 
the farms studied, and 78 per cent of the total receipts were realized 
from crops sold. 


FARM 2.—130-ACRE POTATO-TRUCK FARM. 


Farm 2 represents not only a large, but an exceptionally profitable 
business. It is located near the city limits, has a sandy loam soil, 
and is level in topography. The operator owned 40 acres and rented 
90 acres for $500 cash. The land is valued at $400 per acre. 

The business for the year 1914 showed— 


‘owe ay ort eis ee alsin) Ses greta i eine ee ele ge aeie 1 $21, 000 
Wrorkineicapitale seek ne £20 Ce eee OS OEE ey) eee 5, 000 
INotalinecen Oushs G28 GAS hace eee eee aie re cla ceeds Brees a ere ees ye 18, 500 
“INGUBUL Eb. OS OSes Cree eas ERR Oe) a8 FPN re a ene PR ey a 7, 600 
Receiptsunrom potatoes. 45.025. ee gas sales de dele ewes 8, 370 
Ve cenptsrinonndtne kee. We epee Tame as Roane a ee ae 9, 728 
AD Oram COM e Snes sci acy." FY ROME UAE MONEE Res 9, 900 


1 The value of rented land is not included in this figure. 
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During the year over 2,000 tons of manure, easily accessible, was 
bought. One hundred and twenty acres were utilized for crops, 
6 acres for pasture, and the remainder was idle and waste land. 
Sixty-six acres were double-cropped, showing intensive use of the 
land. 

Following is a list of crops yielding income: 


oasting Carsil Giachesicce - Sanskecee oon ee eeeee tee oBe nor enee ae $620 
MNOMALOES (3 ACKER 4 Vokes fei e ees Oe Rae eve eel a emery 180 
PAS MATAC TIS. A ACTOS ieee. wibrueei ee Dee ear Ae ene tne tg, ent 700 
PIMACH «1 JACTO: sec aei en ore oS nue nen. een Wee 100 
HAE qDOUALOCS: SO,ACKCS erty. c/a cs see oe eee a Se 6, 125 
Wate potatoes; 40 iacres 522% 200. oon ease yee oy eae ek coe 2, 250 
NEEDS ACTOS cris eG Mem mses cw OO ese sft oe Sealscote 300 
Canlatlowerg2acrese sy S25 bets eA e a8 Bee: oni eaere ee Ey 450 
MArVACTOPICADDACC LOLACKOS. Pilea e |) pageete ttc. 2 amet Serre aae 150 
atercropicabbaze. 4 ACs... seers ee eae on | ea meee ee einen 120 
Cambtaloupes: WsACKes-..s en se a es a eS ce ee ee 500 
Harlyzcrop lettuce. 2 acrest- sees. 2 aeerieee oo. Os Gaerne 400 
vabereroprletouces ZiACKes aa! scam eee! Oe ame e eares 400 
ane CLOMIONS yA ACES vans ce See a eee ON. ce, ee ea 640 
Onion sets, 8 acres. .....-..- sf ats Ore rehaga es Saar 2c ape er age 2,118 
Sweetpotatoes! L2iacress 252 sans. os meee ae wena une a ema 900 
‘Lettuce shotheds wl iaere:: see, we meee ect oe eee es 800 
Horseradish 44 acness 3/300 ieee eas eee ee oe 800 
Rulbarbs Sracrese: 22025. crests aeaunet OR Uh ce eu auc. 0 meena 450 
Salespirom wreenhOusesine<s eels. lace eae. eee are comes 500 


Ninety-seven per cent of the receipts were from these crops. 

The animals kept on the farm were 11 work animals, 2 cows, 16 
hogs, and 15 chickens. 

It has been remarked that 90 acres were rented for $500, an ex- 
tremely low rent for land so near the city and of such quality. This 
land was held for residence property and tenure was uncertain. 
Opportunities to rent such land at this price are very rare. Usually 
it rents for from $20 to $25 per acre. 

The largest item of expense was for labor, the total cost being 
$4,150. 

The unusually large profits secured from this farm were due partly 
to the unusually high price obtained for first-crop potatoes, which on 
account of drought during the growing season were practically afailure, 
except on the sandy loam soils well supplied with manure. There 
was a shortage in the local market, so that farmers who had potatoes 
coming on early obtained from $4 to $6 per barrel for them, the more 
usual price being $1 to $2 per barrel. Another important factor 
securing these profits was good judgment in the selection and market- 
ing of crops. ‘This ability is gained only by long experience in such a 
business. Crop yields on this farm were only about 3 per cent above 
the average. 
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It may be pointed out further that this farmer was able to handle 
an unusually large business, one of the most important factors in 
the size of profits. 


FARM 3.—A 30-ACRE POTATO-TRUCK FARM. 


Farm 3 illustrates the possibilities of farming on high-priced Jand 
where a good market is available. This land was valued at $800 per 
acre. Twenty-seven acres were utilized for crops, all but 2 acres in 
truck and potatoes. These 2 acres were in meadow. Two acres of 
rye were sown and turned under for second-crop potatoes. The rye 
was also pastured to some extent in the wimter. Three acres were 
counted as waste land. 

The money crops were: 


Rp ASN rOne Nalr aChes ==... .- 22k e cue tees ees ene ea ae $100 
ULIAERE, O PON seosc = see cemee - 92 sos scenes eee wo seeseg oe oe 302 
Hest crop lettuce, one-ermhth acre!:e72 + ete oS Fe 300 
BeeGuaucropi tet Luce,one-nalt ACTeS aes oe ee eee See 690 
DRIER OUIONS, LACKS See etn. s So een ee Ne ee eee reese 258 
Orion sets Lt acres 22. fia. 2s 3 spies eae es. eas eee ee EE 50 
LPOG eC ae ee 2 SUS SER eee ee oe ee 252 
PEAELVACEOD) HOLALOES, 2% ACTOS... - -apeie ce = nee nee ade ee 706 
SEC OUMECTOD POCALOCH, 11 ACTOS... -- Se Sen we eh Roe Hoes 1, 530 
ECCI MULALOCS OG ACECS tte: 22. | eee: cn SOS eR UE 1, 270 
SECS acters 8 Fj GUr so De pet ss REALS TS kt 490 
Mascecllancous veretabless2. -: 22-5 sqgegis= See seers a 2 Bdge «20 52 


Practically all of the receipts were from truck crops and potatoes, 
which in the case of this farm were sold principally on the local 
market, and so may be regarded as one of the truck crops. It is 
noticeable that there was a fair crop of early potatoes, which were 
marketed at $3.50 per barrel, while the late crop brought only $1.60 
per barrel. Crop yields were 38 per cent above the average. 

There were 8 work animals, a few hogs and chickens, and no cows. 
Feed was a large item of expense ($700), only a little being raised on 
the farm. Two acres of meadow produced only 1 ton of hay. Two 
hundred and ninety-five dollars were spent for manure and $90 for 
commercial fertilizer. In all $1,360 was spent for labor, of which 
$720 was regarded as family labor. There were 8 in the family. 

The following is a statement of the business for the year 1914: 


2 LG a ce ate 2 ee 5 =e $28, 750 
Ditoekar ca Dita te een yk. ee ee eo cca 4, 750 
PSE AECCOID IS pest Ses |. ee Na SIN. LOSE. 6, 000 
Rare xqenscstsem se tee so. 2 epee eee ce es 3, 146 
Receipts irom potatoes, Carly crop /:2-2-) 6. - 2 2---- eee 706 
icecipis irom poitoes, late crop. . 2222222) S22 fee eek - 1,530 
Ecc CHP LGMEDIN iGrUreke 2 its.) os epee ES SE sent ee ace 3, 764 


Hl lo ORSETIC ONG serene go os = of Re UP aS Oe, a Sen ee 1,179 
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FARM 4.—A 58-ACRE POTATO-TRUCK FARM. 


Farm 4 is one of the smaller-sized potato-truck farms, located 
about 8 miles from Louisville and about 2 miles from a market where 
is located a farmers’ exchange. The land was valued at $155 per 


acre. It shows a fairly successful business. , 
Oho CAP IC ts oes tore Noe Ge a ae ear ae eae $11, 840 
Workimotcapitali es tere etna pene ae eee rm ees 2, 840 
Motalimeceiptsseet Ae BIR Le AT A eS Pe ee oleae Soe 3, 000 
sa tale emses reset eek MES. Ses speek he HUN Es cle RNR 1, 590 
RecetptsinompOtatoes. 45 ery ese ses! ser eee se sees Pee sate 2, 195 
IRecetptsmromitricke eee.) Ui kes Aka Ae oP ue ee 660 
Wal OreiMe OI Chere eS wee a cme eet me ok NM ene 830 


The income from crops was distributed as follows: 


BarhyeCLOp POvabOeSs O/ACKCS! = ese lea. s 2 eae eee $600 
GALe=CLOp  POtAtOCS 4 OFACKCS set) 58 an. Seem ee. eee es eee Ee 1,595 
SMC EL POLALOCs eo ACKeSe eee a: ce. Seen rey Pera ery ee ee ce 240 
Wallon eRe AeA Cress yao Oe sree ee i ac te a eck Ge gi Oe 220 
Sirah errleswiaACKesyN a eee ee lek se ee le ee 200 


Practically the entire income was from these crops, the yields of 
which were 12 per cent above the average. 

The animals on this farm were 1 cow, with calf, 5 work animals, 
5 hogs, and 100 chickens. ; 

Besides the truck crops listed there were 12 acres of corn yielding 
400 bushels, and 14 acres of timothy. Two acres were in pasture. 
Only $35 was spent for feed. Fifty dollars was spent for manure - 
and $125 for commercial fertilizer. The hauling distance, 8 miles, 
made stable manure more expensive than on farms nearer the city. 


FARM 5.—A 340-ACRE POTATO FARM. 


Farm 5, located about 10 miles from Louisville, is comparatively 
large in size. The quality of the land is below the average. Much 
of it is rolling and nearly 50 per cent of the area is in permanent 
pasture. It is valued at $80 per acre. A year’s business showed: 


dhotalecaroitall i. ae EE a ope gee We tecy rt e o cis $33, 000 
IWhor ksi ea Gall ee ies eee eh sa ieceeee ees, eee. oi ae nL 5, 800 
Motalire cepts: pees ern ak! ue peers Un oe meme 6, 900 
ARGV SSS. CENSOR ei ca a ge ~ 3,880 
Recelptssinomispotatoessint toni tal. ee eens eer She 4, 800 
Receipts) tronmtnuckram ds truttees < 4-eps oeee  es  ee LOS 
WabOrdN COMEs ars seaea ey Shee Se er... Remrame ree bel ets 2k ieee ee 1, 365 


The crops were: 


abe potatoes 0 QCres i) 8. 65 sere 2c Mie pee eee ee a $4, 800 
@maon"seeds "3 ACleS Soo ie. sete cies ee ee es eee, ge 370 
Dirawberries..4 aeness acy aie seek ME UN eee oe Se ce 225 
Held cropsyi4 acres. : st. sae a yes Ha Por GEE, ue Re ea 150 
Blackberries! 3S ACres! 4. eae ei eee os ees Se eee 150 
Peachesiand apples, 6 acresi. 7c suse = oe eee etn Se ee 150 


Gherries= il aera eye Serpe 8 SS ele ep a Se A SU Sea 88 


INFLUENCE OF A CITY ON FARMING. 2S) 


About 83 per cent of the receipts were from crops, the remainder 
from live stock. 

There were 4 cows, 6 young stock, 4 horses 10 mules, 20 head of 
beef cattle, and 250 chickens on this farm. 

Crop yields were about 3 per cent above the average. 

On farms growing a large acreage of potatoes more work stock is 
kept than can be employed profitably throughout the year. This 
farm sold 4 mules after the potato crop was planted. When located 
near the city, the farmer may profitably employ work stock in hauling 
manure, and sometimes in public work, such as building roads, ete. 
On the whole, the stock enterprise is badly managed, since only a 
total of about $900 was received from this source, and yet these 
animals consumed produce from more than one-half the farm area and 
in addition $300 was spent for feed. 

The labor bill on this farm was $1,900. One hundred dollars 
went for manure and $700 for commercial fertilizer. 


FARM 6.—A 590-ACRE GENERAL MIXED FARM. 


Farm 6 is a large farm valued at $42 per acre and located about 20 
miles from Louisville. It is organized as a general mixed farm on 
which practically one-half of the receipts are from live stock. 

The business for 1914 showed: 


PR OROMMIer DA scree 8 oer oe os a oe LE POOL 
Biiorkao rea pitale sae ok. sree. See Nek en Rie 8 4, 400 
PREECE SUR GS eee = 3-15 eee ze = 2 I a ee See le 50 
MiGiBTe Ce iSetee =... tere =< n'n's = Sea ee eee eS 5, 400 
Wotalexpenses:.23.25-/3-.-.- = be El ERR pee aes eee ol SP IRS 1, 900 
Pereipisnrommlave: StOCK Y: 2-1 32.) SRS Se eee 1, 670 
FA DORMMCOMOR > <5 = -<me ioe. bul) os es ee Ey Eats aes 2, 000 


The income from crops sold was as follows: 


Clarrin,, N25) GX@ re siaeaienes S Det eee eee atin is ys eames 863 
Vi LSE il AK CLES aa dle ea a ete occ Nai 950 
SSEORLC TARE © Seek O Nee SS 2 WS RI SEE Et 20 
SULA eee ee = nc one eek Ss ES SS ep ea ee 200 
Allioliaw2 DACTeSS<: sacles oe seco Res eee pr 240 
sibiE OLINVEL OU, ACTOS. ee etns ste ci a2 oe eee ee gy fers Oo SSysenp 270 
PROD ACCO ms eter ote ro Sete ra te oars (a od SIS iS oo eae a 120 


The live stock on this farm were 4 cows, 3 head of young stock, 
137 sheep, 30 hogs, 9 horses and mules, and 5 colts. All these 
enterprises yielded some income, sheep yielding the highest. 

About 160 acres were devoted to permanent pasture and 150 acres 
were in woods, from which there was no income. 

Fifty acres of corn and 2 acres of tobacco were raised by a cropper, 
who got one-half of the crop. Crop yields were only 68 per cent of 
the average, and receipts per animal unit 89 per cent of the average. 
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One wage hand was hired for the year, and $700 was spent for 
extra labor. No commercial fertilizer or manure was bought. Two 
hundred and sixty-three acres devoted to field crops were generally 
level, the remainder being hilly and much of it in woods. On the 
whole this was a well-organized business for the kind of land and 
location. 

FARM 7.—A 50-ACRE DAIRY FARM. ~ 

Farm 7 illustrates a well-organized dairy business on a small-sized 
farm. The location is 6 miles from Louisville. The land is of good 
quality and is valued at $350 per acre. Crop yields were 55 per cent 
above the average. Ten acres were in pasture. The business showed: 


Motallca pitas Sot Mes setts sccestee eee Pas 2 ons MRS Sacer ge ae 1$15,300 
Working capitalise Us eae eee CPRCenee SS eee eee ~ 8,300 
INumiberiof Cows cs aes -)5 2 te eee ee) eee eee 48 
Motalenece ip tp ase ess S eh. ae ees ree’ Seton 8, 700 
Mo balltesmpemSese emer o ern eee err 4, 200 
Receipts irom yd aany es setae co's caey ree oe or ees nic elses 7, 700 
Receipts frometruck and: potatoesie: 249 222-455-226 25--..- 375 
ILA NGSUNCOINVES = a dageoecosbcuGhodccu Udo se eEes dooseeuebomas 3, 700 
The crops were— 

(COTM RO} ACHE SE a a fgg Oak oS a Te NRE ea ae 400 bushels. 
RotatOes! s).d Cheseee eae a als eee ee es Bue ae 150 barrels. 
(ORNS IZA nels eRe ry ae eS oo Se ee RS 36 tons. 
dhimothy: 6: actress 9447.2 ee Reber eee = eee eas 10 tons. 
Sorghum and cane (soiling crops).......-.......-.-------- 5 acres. 
Onions: <2 25. ARES ees: et ee eR. eas % acre. 


Feed bought cost $2,000, of which $1,800 was for bran and cotton- 
seed meal. 

This farmer owned 25 acres and rented 25 acres additional for $450 
cash. The labor cost was about $1,300. Two regular hands were 
employed and $300 represented family labor. 

An excellent quality of business is shown by the fact that receipts 
per cow were $160. About 26,000 gallons of milk were sold at an 
average price of nearly 28 cents per gallon. 


1 This includes the value of the owner’s land only. 
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OPTICAL PROPERTIES IN THE IDENTIFICATION OF SYNTHETIC 
CRYSTALLINE SUBSTANCES. 


Because crystals are best developed among minerals and were 
first studied in that connection, the sciences of crystallography and 
mineralogy have grown up in close association, and most of the 
printed information on crystallography is to be found in the literature 
dealing with mineralogy. Optical crystallography has been evolved 
largely for the identification of minerals, especially as they occur in 
rocks or as they are produced synthetically. To be sure, the crystal- 
lographic constants and partial optical data have been measured on a 
large number of artificial substances, both organic and inorganic, but 
little use has thus far been made of these observations for determina- 
tive purposes. Although microchemical methods of identification 
are used in a number of fields, the recorded data are largely qualita- 
tive. For instance, a given substance, when treated with an appro- 
priate reagent, yields “radiating needles,’ ‘‘stout prisms,” etc., 
numerical, quantitative observations being made only exceptionally. 

“A careful study of much that has been written, and especially of 
the illustrations that have been made, of microcrystals in plants and 
drugs shows that erroneous conclusions may be easily drawn from the 
general appearance of crystalline precipitates or aggregates of crys- 
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tals that are formed.’! When it is considered how greatly crystal 
habit may be modified by the conditions of formation, the presence 
of impurities in the solutions, etc., the desirability of such quantita- 
tive data is apparent.” 

A number of crystalline alkaloids, when obtained in a pure or 
nearly pure state, can be fairly well recognized by certain micro- 
chemical and color reactions. When mixed, however, and particu- 
larly whensmall amounts of one acccompany large amounts of another, 
it is difficult to establish the presence and identity of each. As there 
seemed every reason to hope that optical-crystallographic measure- 
ments would furnish a ready and certain means for the recognition 
of these substances, even when mixed in widely divergent propor- 
tions, a series of observations was made by the methods outlined in 
this bulletin. The results were satisfactory.’ 


METHODS FOR DETERMINATION OF OPTICAL CONSTANTS. 
APPARATUS. 


The instrument known as the petrographic microscope, because it 
was developed for use in the science of petrography, the study of 
rocks, is really an apparatus for the accurate measurement of crystal- 
lographic and optical constants of crystals in general. For instance, 
the system to which a crystal belongs, the axial ratios of the sub- 
stance, the refractive indices, double refraction, and optical axial 
relations can be ascertained by its use. The determination of several 
such features on the same crystal will naturally be of enormously 
greater diagnostic value than the mere recording of more or less acci- 
dental shapes assumed by a crystalline substance under ill-defined 
conditions, which is all that is usually done. Moreover, it is not 
necessary that large or well-developed crystals be available. Most 
of the data can be readily measured on crystalline grains 0.025 mil- 
limeter (;45 inch) in diameter, and in favorable cases on even 
smaller ones, down to 0.01 millimeter (;25, inch), or, in other 
words, on what would ordinarily be classed as finely powdered 
materials. 

While for the complete study and characterization of a crystal- 
lized substance a somewhat elaborate microscope outfit is necessary, 
comparatively few unusual accessories are needed to apply the 
methods herein described to the identification of alkaloids. The 
microscope must be equipped with nicol prisms which can be adjusted 
so that their vibration planes are exactly horizontal (right and left) 
and vertical (forward and backward); and an eyepiece with cross 


1 Kraemer, Henry. Applied and Economic Botany (Philadelphia, 1914), p. 768. 

2Fry,W.H. Identification of Commercial Fertilizer Materials, 1914, U.S. Dept. Agri. Bul.97. Wright, 
F. E. The Petrographic Microscope in Analysis, Jour. Amer. Chem. Soc., 1916, 38: 1647-1658. Chamot, 
E.M. Chemical Microscopy, Jour. Ind. Eng. Chem., 1918, 10: 60-66. 

3 To be published in the Jour. Amer. Chem. Soc. 
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hairs in corresponding positions must then be used. It is a great 
convenience if one of these prisms can be rapidly inserted and with- 
drawn without changing the position of its vibration plane. A revolv- 
ing stage, an Abbe condenser, and a substage iris diaphragm are 
necessary. One 4-millimeter (4-inch) and one 8-millimeter (4- 
inch) or 16-millimeter (%-inch) objective are adequate for every pur- 
pose. A slot should be cut in the microscope tube between the top 
of the objective and the bottom of the upper nicol prism for the 
insertion of a selenite plate yielding the “‘sensitive tint,” red-violet of 
the first order. This plate, which may be purchased from any dealer 
in petrographic microscopes, is inserted so that its direction ¢ lies at 
45° from the vibration planes of the nicols. Finally, liquids of known 
refractive index are needed, directions for preparing which are given 
on page 4. 
OBSERVATIONS. 

Samples are prepared by gently crushing the dry substance. A 
minute amount is immersed in a drop of a liquid in which it is insolu- 
ble, on a glass slide, and protected by a small cover glass. The obser- 
vations are made as follows: 


I. IN ORDINARY LIGHT. 


A 16-millimeter (3-inch) objective is usually most satisfactory for 
the preliminary examination of a substance. 

Color or hue.—Ilf the substance is pleochroic, showing different 
colors in different crystallographic directions, the several colors and 
their directions are recorded. 

Crystal habit.—This observation includes the outline of crystals, etc. 

Angles.—Interfacial angles are measured by revolving the stage of 
the microscope until the trace of each face in turn lies parallel to one 
of the cross hairs, and reading the angular position of each. This 
process is repeated several times, and the results averaged. 

Cleavage —Cleavage refers to the directions in which splitting 
along definite planes occurs. 

Refractive indices.—These are inversely proportional to the rates 
at which light is transmitted in different crystallographic directions. 
They are determined by immersion in liquids of known indices, 
trying one after another until the boundaries in each direction 
successively disappear. The following special instructions are im- 
portant: In crystals of the rhombic, monoclinic, and triclinic sys- 
tems there are three indices, the smallest being called a, the inter- 
mediate 8, and the largest y. The directions in which these values 
hold are respectively X, Y,and Z. In substances of the tetragona , 
trigonal, and hexagonal systems there are two indices, one called w 
and the other «. In the cubic system there is but one index, called n. 

Determination of refractive indices by the immersion method.—A 
series of liquids of known indices should first be prepared, the com- 
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position of which depends on the nature of the substance to be 
examined. With the alkaloids studied, solutions of potassium- 
mercuric iodid in glycerol and water were found to be fairly satis- 
factory. 

The stock solution is prepared as follows: Mix equal volumes of 
water and pure glycerol. In this dissolve 2.88 grams of potassium 
iodid and 3.38 grams of mercuric iodid per cubic centimeter of 
liquid; evaporate the solution on the water bath to the point of 
incipient crystallization; at 20° its index is approximately 1.71. 
Dilute this with glycerol Gndex 1.42) in the calculated proportions 
to make liquids with indices differing by a uniform amount, pref- 
erably 0.01. Measure the true indices of these liquids on a refractom- 
eter, or by other means, and correct the indices by the addition 
of glycerol or of stock solution, as necessary. The liquids are best 
kept in small dropping bottles, protected by glass caps. 

A few crystal grains are immersed in a drop of one of the liquids 
on a slide, and the relative indices of grain and liquid determined 
thus: The light entering the microscope is diminished by means of 
the substage diaphragm, and a grain is brought into focus. Then, 
on raising the microscope tube slightly, a band of light passes into 
that substance—crystal or liquid—having the higher refractive index 
in that direction. The more divergent the indices of the two, the 
more brilliant the band; while when they are nearly matched, the 
band becomes faint, and, if white light is used, shows pale blue and 
orange margins. When the two have the same indices, no light 
moves in either direction. For accurate matching, monochromatic 
light, such as that from a sodium flame, should be used. White light 
passed through a ray filter is convenient. The writer uses a com- 
bination of Wratten E-red No. 23 and B-2 Extra Light No. 57-A 
filters, 3 inches square, in glass. 

Crystals belonging to the cubic system have but one index, and 
their position is of no significance. Those of other systems, however, 
possess more than one, and the position in which they are observed 
must be taken into consideration. The grain to be studied should 
first be turned until it becomes dark or “extinguished” between 
crossed nicols. If the lower nicol prism, the polarizer, is inserted 
alone, two indices can be observed on any one grain, one when it is 
parallel, the other when it is perpendicular, to the direction of 
vibration of this nicol. If the elongation of the grain is positive, 
the highest index is shown when it is parallel, the lowest when per- 
pendicular; if negative, the reverse relation holds. When the sub- 
stance crystallizes in one of the less symmetrical systems, and has 
three different indices, grains lying in different crystallographic 
directions must be observed in order to measure all three. 
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Il. IN PARALLEL POLARIZED LIGHT. 


Parallel polarized light is produced by inserting the crossed nicol 
prisms. 

Extinction (the directions in which the crystal becomes dark).— 
Extinction is said to be parallel when it occurs on bringing a long 
axis or side of a grain into parallelism with one of the cross hairs, and 
inclined when it occurs in some other position. When inclined, the 
angle between the axis or side and the cross hair is measured and 
recorded as the extinction angle. Several measurements are made, 
and the maximum value used. Crystals of the tetragonal, trigonal, 
hexagonal, and rhombic systems show normally parallel extinction, 
as do also monoclinic crystals elongated parallel to axis b. Crystals 
of the cubic system are dark in all positions, and are said to be 
isotropic; they show none of the phenomena hereafter listed. 

Double refraction (birefringence).—This is the difference between 
the highest and lowest indices of refraction. It is described as weak, 
moderate, strong, etc., and is estimated by the order of the polari- 
zation colors shown when the grain is midway between two extinction 
positions. 

Determination of the double refraction by order of polarization colors.— 
The polarization color obtained by placing any doubly-refracting 
crystal grain between crossed nicols is dependent on its thickness 
and the strength of its double refraction. Table 1 gives the colors 
with different thicknesses and double refractions. 


TaBLE 1.—Colors observed with various thicknesses and double refractions. 


Double Double 
Color refraction Color. refraction 
thickness. thickness. 
First order: Mm. Third order: Mm. 

0.00000 Lightiwioletice. «d-eereeccc steno se 0.00115 

. 00005 ASD TDS HSS ase eee . 00120 

. 00020 Might joreene wes. ease ce nioceae - 00135 

. 00035 THAN MON coos bososussducobecses . 00140 

. 00045 ight) oranges sccseeeen coeeseec . 00145 

. 00052 SATA e Mee as | SER See Ge Fee. . 00155 

. 00055 Light red-violet ................... . 00160 

Fourth order: 

. 00057 PalenviOle te seaancsisieeome casos ees . 00170 

. 00065 Pale blue..... Z . 00180 

. 00080 Pale green.....-...... E - 00190 

. 00090 Pale yellow ........... d . 00200 

- 00095 Pale orange..-........ 3 . 00210 

- 00105 Palerediy sis. eae é . 00230 

. 00110 Pale red-violet 2 - 00240 


1 Sensitive tint, shown by the selenite plate. 
2 Fifth order colors are extremely faint, and higher orders are white. 

The selenite plate may be used to determine the order of the color, 
provided it is not too high. The plate is inserted, and the crystal is 
observed when parallel and again when perpendicular to its direc- 
tion c. In one direction the color of the grain will be of lower order, 
in the other of higher order, than the selenite, which itself yields red- 
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violet between the first and second orders. Even though the order, 
can not be determined on the crystal alone, the order of the combi- 
nation of crystal and selenite can usually be told in one direction at 
least. As the selenite adds or subtracts just one order to or from 
the color produced by the crystal alone, the order of the crystal can 
thus be calculated. The thickness of the grain is best measured by 
focusing first on the top and then on the bottom, and noting how 
much the fine adjustment head has been turned. 

Sign of elongation ' (positwe or negative).—The elongation is posi- 
tive when the greater of any two indices lies in the direction of the 
longest axis or dimension of a given grain, and negative when the 
lesser of two les in that direction. This may be ascertained by 
observing elongated grains immersed in a medium possessing the 
same mean refractive index, in light passing through but one nicol 
prism, of which the direction of vibration is known. This last prop- 
erty is most readily determined by observing a few needlelike crystals 
of a dark-colored variety of the mineral tourmaline. The darkest 
color is always shown when these lie with their long axis perpendicular 
to the vibration direction of the nicol prism. If the grain under 
observation shows the lowest refractive index when its long dimen- 
sion is perpendicular to the vibration direction of the nicol, and the 
highest when parallel to this, its elongation is positive. In the 
reverse case it is negative. The sign may also be ascertained by the 
use of the selenite plate. Crystals showing as low double refraction 
as possible are turned so that their longer dimensions are parallel to 
direction c of the plate, which is placed so as to make an angle of 45° 
with the vibration planes of the nicol. If the polarization color is 
intensified, so that the crystal appears blue, or other color of a higher 
order than the red-violet due to the selenite plate, the elongation is 
positive; if the crystal appears yellow, white, or gray, that is, of 
lower order color than the red-violet field, the elongation is negative. 
Turning the crystal through 90° so that its long direction is perpen- 
dicular to axis c of the plate gives the opposite result, the color decreas- 
ing in order if the elongation is positive and increasing if it is negative. 


III. IN CONVERGENT POLARIZED LIGHT. 


Convergent polarized light is produced by raising the substage 
condenser as close to the slide as possible and using a high-power 
objective, preferably one of 4 inch or 4 millimeters. After a grain is 
centered, the eyepiece is removed, or a Bertrand lens inserted, if 
the microscope is provided with one, and the stage, or nicol prisms, 
slowly revolved. 


Strictly, ‘‘character of principal zone.” 
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Class! may be uniaxial, possessing but one optic axis, or biaxial, 
possessing two. If biaxial, the angle between the two may be 
measured, for which purpose an apertometer or a micrometer eye- 
piece is needed. For the determinative work on alkaloids, however, 
it is necessary only to class the angle as small or large. 

A uniaxial interference figure consists of a dark cross surrounded 
by rings which are colored if white light is used, or alternately dark 
and light im monochromatic light. It may appear in the center of 
the field if the crystal is lying on face c, the base, or it may lie more 
or less to the side. Even when the cross is not visible the dark arms 
will, on revolving the stage, move across the field parallel to each 
cross hair in turn, remaiming perfectly straight. 

A biaxial interference figure consists, in the most favorable case, of 
two dark spots, where the two optic axes emerge, surrounded by 
concentric oval or lemniscate curves, colored as in the uniaxial inter- 
ference figure, and traversed by two dark bars which form a cross 
when the vibration directions of the crystal are parallel to those of 
the nicol prisms, and open out into hyperbolas when the stage is 
rotated 45°. The apparent angle, 2 E, is proportional to the dis- 
tance separating these dark spots; the acute bisectrix les midway 
between them. Two or three sheets of mica should be used for 
forming an idea of the appearance of the interference figures with 
different values of 2 EK. Muscovite mica has 2 E from 60 to 70°; 
while phlogopite usually has 2 E much smaller, about 15°. In some 
positions only portions of the figure may be visible, but, in general, 
on revolving the stage the dark bars move across the field, neither 
parallel to the cross hairs nor remaining straight. 

Optical sign’ (positive or negative).—Uniaxial crystals are positive 
if w is less than e; negative if w is greater than e. Biaxial crystals 
are positive if Z is the acute bisectrix and negative if X occupies 
that position. This is determined in the same way as is the sign of 
elongation (page 6). That is, the selenite plate is inserted, and the 
change of color of the interference figure observed; when the figure 
shows, on opposite sides of the central cross, areas of blue, marking 
an increase in the order of the color in a direction parallel to ¢ of the 
plate, the sign is positive; when the color is yellow in that direction, 
indicating a decrease, the sign is negative. 

Dispersion.—Dispersion is the relative refraction of the red end of 
the spectrum as compared with the violet end, abbreviated to r and 
v, respectively. This can be observed in various ways, but, as it has 
in general little or no significance in the identification of alkaloids, 
it will not be further discussed here. 


1Strictly “ellipsoidity.” 
2Strictly ‘‘ character.” 
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MEASURING THE OPTICAL PROPERTIES OF AN ALKALOID. 


Before measuring the optical properties of any substance, its 
purity must be established, for admixtures may modify some or all 
of its constants to a marked degree. The medium from which it is 
crystallized must also be taken into consideration, as some sub- 
stances take up the liquids, in the form of “solvent-of-crystalliza- 
tion,” and the crystallographic and optical characters may differ 
widely from one solvent to another. For instance, the alkaloid 
quinidine is recorded in the literature as crystallizing from acetone 
in the tetragonal system, being optically uniaxial, from methyl and 
other alcohols in the rhombic system, with axial ratios near 0.8:1:0.7 
and with an optic axial angle (2 E) about 75°, and from benzene, 
also rhombic, but with the axial ratios nearer 0.7:1:1.1 and an optic 
axial angle of 85°. These differences are such that the crystals from 
these several solvents would be identified crystallographically or 
optically as belonging to different chemical substances by an observer 
not previously informed as to their character. Anyone desiring to 
gain familiarity with the manipulation of the microscope, and with 
the sort of effects upon which this method of identification of sub-. 
stances is based, may follow the directions outlined for the typical 
case described in the next paragraph. 

Dissolve a 5-gram sample of cinchonine alkaloid in 100 cc of 
boiling 95 per cent alcohol. Filter the solution and allow it to cool, 
when the alkaloid is deposited on the walls of the vessel in small, 
brilliant crystals. Take out a few crystals, dry, crush, and mount 
them on a slide in potassium-mercuric iodid solution with a refrac- 
tive index of about 1.61. Examined first with a low-power objective, 
in ordinary light, cut down by the substage diaphragm, the material 
shows plates and rods, many of them with hexagonal outlines. When 
the lower’ nicol is inserted, with its plane of vibration horizontal 
(right and left), all of the grains with their long dimensions horizontal 
stand out boldly, and light appears to pass into them as the tube is 
raised, indicating their refractive index lengthwise to be higher than 
that of the liquid. Many grains with their long dimensions vertical 
show faint: orange and blue borders, indicating that the refractive 
index crosswise approximates that of the liquid, although, as this 
index is the mean between the two lower ones of the substance, it 
varies with the position in which each grain happens to lhe. When 
both nicols are inserted and crossed, the diaphragm being now opened 
to obtain as bright an illumination as possible, the majority of the 
grains are white, or have hues of the fourth order, because of the 
extremely strong double refraction, with several marginal color bands, 
due to the wedge-shaped edges. A few grains show brilliant hues of 
lower orders, because of extreme thinness or because they are so 
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turned that two refractive indices which are not very dissimilar are 
shown. When the stage is turned they, for the most part, become 
dark when their long dimensions are nearly or quite parallel with one 
of the cross hairs, although in some grains this extinction is not com- 
plete in any position. When a high-power objective is inserted and 
focused on a grain, the nicols remaining crossed, and the eyepiece is 
removed, nearly every grain shows a portion of a biaxial interference 
figure, colored rings, with one or two strongly curved dark bands 
crossing them as the stage is revolved. In some cases the points of 
emergence of both optic axes are in view simultaneously, and they 
are fairly close together, showing that the axial angle is small. 

Tf it is desired to identify this substance in a drug mixture, the 
alkaloid contents may be extracted with chloroform, dried, taken 
up im benzene, and allowed to stand until the solvent is nearly 
evaporated. Single large drops of the concentrated solution are 
placed on several microscope slides, and immediately protected by 
cover glasses. Evaporation takes place around the edge of the 
covers, and there the alkaloids crystallize. When the benzene is 
completely volatilized, the immersion liquids may be introduced, and 
the appropriate observations made. 


SUMMARY. 


It seems reasonable to hope that optical-crystallographic measure- 
ments will furnish a ready and certain means for the recognition of a 
number of crystalline alkaloids, even when they are mixed in widely 
divergent proportions. The observations made on such substances 
with the apparatus and according to the methods described in this 
bulletin were most successful in establishing the identity of a number 
of these substances. 
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SCOPE OF THE BULLETIN. 


This bulletin deals with the distinguishing characteristics, forest 
habits, and geographic distribution of all the larch, hemlock, false- 
hemlock, incense cedar, arborvitz, and yew trees that grow naturally 
within the Rocky Mountain region. The extent of the territory 
included in this region is indicated in a recent publication on ‘‘The 
Cypress and Juniper Trees of the Rocky Mountain Region,” ! which 
also contains a full discussion of the class and family relationships of 
the true coniferous trees here described, as well as information applica- 
ble in the present case regarding the method.of treating the subject, 
the sources from which data on the geographic range of trees were 
obtained, and the like. Acknowledgments made in the above- 
mentioned publication of assistance received apply also in the case 
of the present bulletin. 

Keys for the identification of genera and species are provided on 
page 44. 
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GENERIC CHARACTERISTICS OF LARCHES. 


The larches,? some of which are also called tamaracks, belong to 
the genus Larix. 

They lose their leaves every autumn, their branches becoming 

bare in winter and in the spring putting forth new foliage. The 
branches occur irregularly on the trunks, differing in this respect 
from the branches of pines, spruces, and balsam firs, which are 
regularly whorled. The leaves resemble somewhat those of other | 
conifers in being needle-shaped; but they are distinct in arrange- 
ment from the remainder of our native cone bearers in being produced 
in little brushlike clusters, each of which contains from 12 to 40 
leaves (Pls. I, II, III). These clusters are borne on all but the lead- 
ing or new shoots, on which the leaves are scattered singly (PI. ITI, 6). 
The little budlike spurs that bear clusters of leaves are really aborted 
or partly suppressed branchlets, which, if conceived to be extended 
by growth, would show their leaves disposed singly as on the leading 
shoots. 
_ Both the male and female flowers, which appear with the new 
leaves, are borne singly and separate from each other on the same 
branches or twigs of the previous or an earlier year’s growth. The 
male, or pollen-bearing, flowers are small, budlike, rounded, or 
elongated, yellow-green bodies about the size of a small pea, and 
are borne naked. Female flowers, which produce cones and seeds, 
are similarly small, elongated bodies composed of tiny scales, at the 
bases of which are borne two minute naked ovules. The female 
flowers are usually a bright purple or red. They are accompanied 
by a bundle of leaves. 

The cones mature in a single season, but they often remain on the 
trees for one or more seasons after maturity. Two winged seeds are 
borne under each of the thin fertile cone scales (Pl. III, d). Larch 
cones open in the autumn shortly after they are matured, and shed 
their seed. The seed-leaves (cotyledons) vary in number from 5 to 
7. Succeeding these, the young stem bears single scattered leaves, 
just as do also the leading or young shoots from branches of old 
trees. Seedlings continue to bear single leaves for several years, 
after which they produce the adult clusters of leaves. 

The larches are important timber trees. They produce straight, 
tall stems, the wood of which is slightly resinous, strong, and moder- _ 
ately durable. The largest trees supply excellent saw timber. | 

At least three distinct species of larch inhabit the United States. 
One is found mainly in northeastern United States and adjacent 


2 The name Larch (from the Latin Larix, a larch tree) is properly applied only to trees of the genus 
Larix. During the last 25 years, however, ‘‘larch” has been, and is still, improperly used by Pacific 
slope lumbermen and woodsmen as a name for the noble fir, Abies nobilis, which is a true fir or ‘‘balsam” 
in no way directly related to thelarches. This use of the name ‘‘larch”’ should be discontinued, for it has 
led to much unnecessary confusion. 


CONIFERS OF THE ROCKY MOUNTAIN REGION. 3 


‘anadian Provinces, from which it extends westward to southern 
\laska. The other two species inhabit northwestern United States 
xtending northward also into Canada. A fourth species, not now 
ully known, is possibly confined to Alaska.’ 

The larches are of ancient origin, several European species having 
xisted since the Miocene period. The European larch (Larix 
uropzd) appears in. the upper Pliocene of Europe and is represented 
hroughout the Pleistocene, while our eastern larch (Larix laricina) 
; common in this country during the Pleistocene period.* 


TAMARACK. 
Larix laricina (DuRoi) Koch. 
COMMON NAME AND EARLY HISTORY. 


Larix laricina is most commonly known throughout its range as 
amarack, particularly among woodsmen. Sometimes it is also 
alled larch, black larch, red larch, and hackmatack. 

Tamarack was one of the first of our conifers to become known, 
he earliest report of it being as a tree cultivated in England in 1735.° 
The early French Jesuit missionary and historian Charlevoix saw 
he tamarack in eastern Canada and gave the first complete pub- 
ished account of it in 1744 ° (‘‘Larix canadensis, longissimo folio’’). 
Jowever, the earliest mention of this species is doubtless by John 
losselyn,’ who describes the great lasting qualities of a ‘‘Larch tree’’ 
ybserved in New England in 1667, which can be none other than our 
amarack. The first technical description and (polynomial) desig- 
1ation ® of tamarack was published in 1770, while the first technical 
yinomial designation, Pinus laricina DuRoi*® was published in 1771. 
The technical name Larix laricina (DuRoi) Koch, now properly 
naintained for this tree, was established in 1873.1° 


8 See Smithsonian Miscellaneous Collections, vol. 50, p. 174, Pl. XVII, 1907; Forest Trees of the Pacific 
lope, p. 74, fig. 28A, 1908 (U.S. Dept. Agr.). 

4 The author is indebted for this information to Dr. Edward W. Berry, paleontologist of John Hopkins 
Tniversity. 

5 Aiton, Hortus Kewensis, III, 369, 1789. 

6 Histoire dela Nouvelle France (ed. 12 mo.) IV, 371, fig. 22, 1744. 

7 An Account of Two Voyages to New England, 68, 1673. 

8 <‘Pinus Larix Americana nigra’’, Muenchhausen, Hausv., V, 226, 1770. 

9 Obs. Bot., 49, 1771. 
| 10 William Aiton (Hort. Kew. III, 369, 1789) says that thislarch was cultivated in England in 1735. 
According to Loudon (Arb. et. Frut., IV, 2401, 1838), a form of this larch (‘Larix a. pendula’’) was in- 
roduced into England by Peter Collinson in 1739, while another form (‘Larix a. rubra’’) was introduced 
dy the Duke of Argyle in 1760, the latter tree having attained a height of 40 or 50 feet in 77 years. Elwes 
ind Henry (The Trees of Great Britain and Ireland, II, 394, 1907) say that modern English arboriculturists 
lave entirely neglected this tree. Only a few trees are now known in England, the largest being from 50 
0 78 feet high and from 18 to 20 inches in diameter. 

Larix laricina is little used as an ornamental tree in the United States, probably because it is believed 
the tree can not be grown outside ofits natural habitat in wet, mucky ground. Itis, however, welladapted 
(0 rich, sandy or gravelly upland soils that are fairly moist and deep. Under such conditions it grows 
‘apidly and to a large size and has a beautiful symmetrical form. 
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DISTINGUISHING CHARACTERISTICS. 


The largest: tamarack trees in the Rocky Mountain region are 
seldom over 50 feet high and 12 or 14 inches in diameter. Tamarack 
has a single straight, shghtly tapering trunk, and a narrow, sharply 
conical crown of slender, horizontal branches, which, during the 
first 25 or 30 years, extend nearly down to the ground. Later the 
trunks are clear of branches for one-half or two-thirds of their length. 
The thin, scaly bark is reddish brown, but outwardly more or less 
weathered to an ashy brown. Twigs of a season’s growth are smooth 
and whitish at first, but by winter they become a dull yellowish 
brown. 

Mature leaves (the juvenile form is scattered singly on vigorous 
leading shoots) occur in clusters of about 12 to 20 (Pl. I), and are 
indistinctly triangular in cross section (convex on the top side, with 
a ridge beneath) and from about seven-eighths of an inch to 1% 
inches long. In cross section the leaf shows two minute resin ducts 
close to its edges. 

The cones (PI. I), matured in early autumn of one season, are pale 
russet-brown, as are the minute-winged seeds (PI. I, f), which escape 
slowly from the gradually opened cone scales during late autumn 
or early winter; the upright position of the cones doubtless prevents 
the seeds from escaping as rapidly as do the seeds from the pendent 
cones of other conifers. 

Wood of the tamarack is a pale yellowish Brown and varies in 
texture from narrow-ringed to moderately wide-ringed, according 
as the trees are grown in dense or open stands. It is rather hard 
and heavy, durable, elastic, and fairly straight-grained," a cubic 
foot of dry wood weighing nearly 39 pounds. Large trees have 4 
rather thin layer of whitish sapwood, which is much thicker in young 
trees. The wood is used chiefly for telegraph and telephone poles 
and for railroad ties, the largest trees being cut for rough lumber. 


OCCURRENCE AND HABITS. 


Tamarack enters the Rocky Mountain region (Map No. 1) only 
north of the Canadian boundary, and occurs mainly on the east 
side of the Canadian Rockies. It is most abundant in sphagnum 
swamps and muskegs; but the largest trees occur on the better- 
drained margins of swamps and lakes, moist, porous benches, and 
bottom lands. It thrives also on moist, well-drained deep-soiled 
hillsides. In the Rocky Mountain region the tamarack grows at 
elevations between about 600 and 1,700 feet; its vertical distribution 
elsewhere in its range is, however, imperfectly known at present. 


| 1 Old trees often have an outer layer, 3 to 4inches thick, spirally twisted, within which the earlier formed 
trunk wood is straight-grained. 
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LARIX LARICINA: FOLIAGE AND LEAFLESS BRANCH WITH OLD PERSISTENT OPEN CONES. 


a, Cone scale at base of cone; 6, scale near base; c, scales from center of cone; d, e, scales near top of cone 
(ali enlarged 13 times natural size); f, seed with its wing (natural size); g, terminal shoot with juvenile 
or primary leaves. 


Bul. 680, U. S. Dept. of Agriculture. PLATE Il. 


LARIX OCCIDENTALIS: FOLIAGE AND CLOSED CONES. 


a, Upper side of seed with wing; 6, seedling 2 wecks old; c, seedling 6 weeks old. 
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[ox 


LARIX LYALLII: FOLIAGE AND CONES. 


uvenile leaves of new shoot; c, cone scales showing 


a, Clusters of foliage and open cones; }, primary or j 1 
le with its seeds; e, upper (left) and tower sides of 


their protruding bracts; d, upper side of cone sca 
seeds with wings. 
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The tree grows on shallow, moist soils of nearly every consistency, 
from stiff clay to coarse sand, but thrives on moderately retentive 
loams, especially those with rich leaf mold. The occurrence of 
tamarack in saturated soil seems to indicate not so much a special 
requirement as it does ability to exist where other species more 
tolerant of shade can not grow. Tamarack does not grow well, 
however, where its roots are constantly submerged, particularly 
during the summer season. It occurs in open scattering stands 
mixed with black spruce, black cottonwood, alder, and willows, or 
sometimes forms rather dense, pure growths of limited extent. 
Even in the closest stands, however, the crown cover is never very 
dense, for it requires a great deal of light throughout life, at no time 
enduring heavy shade. 

Larix laricina produces seed abundantly about every 2 to 4 years, 
some seed being borne annually. Trees begin to bear cones at an age 
of from 10 to 20 years, seed production increasing rapidly thereafter up 
to an age of about 100 years, after which it decreases in amount and 
regularity. The seed has only a moderately high rate of germination 
and fairly persistent vitality. Conditions favorable to germination 
of the seed and early growth of the seedlings are fresh organic 
or mineral soil, with a sparse protecting cover of grass or herbs. 
Seedlings require this shght protection at first; afterwards in full light 
they grow fairly rapidly in height, so that they persist in mixture 
with more tolerant but slower growing species of the same age. 


LONGEVITY. 


The largest trees are from 150 to 180 years old; those from 10 to 
12 inches through are from 60 to 75 years old. 


WESTERN LARCH. 
Larix occidentalis Nuttall. 


COMMON NAME AND EARLY HISTORY. 


Western larch is known to lumbermen and settlers in its range 
only as ‘‘larch,’’ a name which is applied more or less also to other 
native species of Larix. The common name western larch, a literal 
translation of the technical name, is suggested in order to avoid 
confusion. 

The first discovery of Larix occidentalis was made in 1806 by 
by Lewis and Clark,” whose narrative tells of finding a ‘‘larch tree,’’ 
now believed to be the western larch, on the upper Clearwater River 
in western Montana. It is evident that the Scotch explorer David 
Douglas #* was the next one to observe this tree, on the Columbia 


12 History of the Expedition under command of Lewis and Clark (ed. Coues), III, 1043, 1066, 1806. 
13 Companion Botanical Magazine IT, 109, 1836. 
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River in the vicinity of Fort Colville, northeastern Washington, in 1827 ; 
although he believed it to be Larix europea. It was not, however, 
until 1834 that the western larch was really recognized as a new and 
undescribed species, Thomas Nuttall having discovered the tree 
at that time in the Blue Mountains of northeastern Oregon. Later, 
in 1849, he described and named it Larix occidentalis. Since then, 
the history of western larch has been practically free from confusion, 
but one other name (‘‘Pinus Nuttallii Parlatore,”’ 1868), now a 
synonym, having been given to the tree during the long period it has 
been known." 
DISTINGUISHING CHARACTERISTICS. 


Larix occidentalis is the largest and most massive of North Ameri- 
can larches. Its straight stems grow ordinarily to a height of from 
100 to 180 feet, and to a diameter of 3 or 4 feet. Not infrequently, 
however, trees reach a height of over 200 feet and a diameter of 
from 5 to 8 feet. The tapering trunks are clear of branches for 
from 60 to 100 feet or more. The crown is a short, narrow pyramid 
running up to a long slender point, and is very open, being made 
up of comparatively few, small, horizontal branches, which have 
the appearance of being thinly clad with leaves. Trees growing in 
protected situations at low elevations have rather long, narrow 
crowns, with more or less weeping branches. In exposed places at 
high elevations this weeping habit is much less pronounced. | 

Middle-aged and old trees have reddish cmnamon-brown bark, 
which is 3 to 6 inches thick and deeply furrowed near the base of the 
tree, where the ridges are strikingly massive; 20 or-more feet above, 
it is much thinner and less deeply furrowed. The exceedingly thick 
bark on the lower trunks of large trees is often an effective protection 
against injury by fire, many of these trees having passed through 
several destructive forest fires without damage to their vitality. The 
bark of young trees and branches is thin, scaly, and dark or grayish 
brown. 

The color of the foliage is a pale yellowish green, in late autumn 
becoming a bright lemon-yellow, which distinguishes the trees from 
their associates. The flatly triangular leaves, rounded on the back 
and distinctly ridged or keeled on the inner face, are from about 1 
inch to sometimes 1} mches in length. In cross section they show a 


14 Western larch was first introduced into England in 1881 and again in-1889 only 1 of 40 seedlings re- | 
ceived in 1881 surviving, and but 2 out of 10 received in 1889. Elwes and Henry {The Trees of Great 
Britain and Ireland, II, 396, 1907) say that in 1906 these trees measured, respectively, 33 feet in height and 
5zinchesin diameter, and 29 feet in height and 5§ inches in:diameter. 

Larix occidentalis was cultivated for the first time in eastern United States, near Boston, in 1881, the 
trial being made with wild seedlings obtained from Oregon. Prof. C. S. Sargent says (Silva, XII, 13, 1898) 
that these plants have remained stunted, which would seem to indicate that the species is not adapted 
to the climate of New England. However, twigs from them grafted on the roots of Japanese larch have | 
grown vigorously. We do not know of any other trial of western larch inthe East. The great difficulty, 
however, in obtaining seed doubtless explains why solittle has been done to test this tree in the East. 
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single fibrovascular bundle in the center and no resin ducts. The 
number of leaves in a cluster (Pl. II), which can not be depended upon 
as a distinctive characteristic, ranges from 14 to about 30. 

The cones (PI. II) mature in one season, being ripe during the latter 
part of August and early in September. They open soon afterwards 
and shed their ight chestnut-brown seeds (PI. II,a). By the end of 
October or November all of the cones have fallen from the trees. 
The cones are borne on very short footstalks and vary in length from 
about 1 inch to 14inches. The cone scales are usually densely coated 
on the outside below the center with delicate, whitish, woolly hairs. 
The seed-leaves of western larch are, as a rule, 6 in number (PI. II, 8, c). 

The commercially valuable wood is of a clear reddish brown color, 
and usually narrow-ringed, with a comparatively thin layer of 
whitish sapwood. It is strong, and very durable in an unprotected 
state, differing greatly in the latter respect from wood of the eastern 
larch (Laria laricina). Western larch wood is much used locally 
for lumber and for rails and shakes. The largest general use, however, 
is for telegraph and telephone poles, railway ties, and posts. It is the 
heaviest of our larch woods, a cubic foot of the dry wood weighing 
a little over 46 pounds. 


OCCURRENCE AND HABITS. 


Larix occidentalis grows on mountain slopes, preferring north and 
west exposure, stream bottoms, valleys, and flats at elevations 
between about 2,000 and 7,000 feet. It is rare in the bottoms of 
canyons and on the summits of mountains (Map No. 2).% As the 
tree is very exacting in its requirements of soil moisture, the best 
growth occurs in deep, fresh, porous soils; it will, however, maintain 
itself in low, moist places and in dry, gravelly soils. 

Western larch sometimes forms pure stands, but it usually occurs 
mixed with other trees. Its best growth is in northeastern Washing- 
ton, northern Idaho, and northwestern Montana, where it often 
occurs in pure open forests in valleys and on slopes. ‘Trees of largest 
size are found at lower elevations along Priest River (Idaho) in 
mixture with western white pine, western red cedar, Douglas fir, 
western hemlock, Engelmann spruce, and lowland white fir. Some- 
what higher up it becomes an important part of Douglas fir forests, 
here being associated with lodgepole pine, western white pine, 
lowland white fir, alpine fir, and Engelmann spruce. In the Bitter- 
root Mountains (northern Idaho), it grows in pure stands or is mingled 
with small numbers of Douglas fir and western yellow pine. 

Western larch is very intolerant of shade throughout life, probably 
demanding even more light than western yellow pine. The dis- 


16 The author’s cordial thanks are due to Dr. H. N. Whitford for valuable notes extending the range of 
Larix occidentalis in British Columbia. 
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advantage of this intolerance is partly overcome by early rapid 
height growth, which carries the tree above its suppressing heavier- 
foliaged associates. It appears to be more tolerant on moist soils 
than on dry ones. In moist sites it occurs in fairly dense stands, 
and the trees are tall and with clear boles, but the lower branches 
are early killed and dropped; on drier soils, where open stands or 
isolated trees are more common, the branches are often retained for 
many years down to the ground. 

Western larch is a prolific seeder, but it is locally variable in seed 
production, sterile periods of one or more seasons being common. 
It rarely bears seed as early as the twenty-fifth year, but begins to 
produce it abundantly when 40 or 50 years of age. The seed has a 
fairly high rate of germination and moderately persistent vitality. 
The thin scales of ripe cones open and close readily with alternate dry 
and wet weather, so that the period and the rapidity of seed dis- 
persion vary somewhat with local climatic conditions. Usually, 
much seed is shed on the snow. Abundant moisture in the soil is 
required for germination of the seed and growth of the seedlings. 
The chief competitor of larch is lodgepole pine, the soil conditions 
for the reproduction of these trees being very similar, as is shown by 
their frequent association. Both find suitable seed beds in burned- 
over areas with exposed mineral soil, where the order of reproduction 
frequently depends upon whether the larch or pine has seeded the 
ground first. If lodgepole pine has the start, it shades out the much 
more intolerant larch. If both species start together, larch may 
preserve its numerical importance in the stand by more rapid height 
growth. Its light foliage can not prevent the growth of the pines, 
nor of spruce and firs, the typical occurrence of larch under these 
circumstances being in mixed stands. Favorite areas for pure larch 
reproduction are those so thoroughly burned over as to preclude the 
immediate heavy reproduction of lodgepole pine. 


LONGEVITY. 


Western larch is a long-lived tree, attaining an age ordinarily of 
from 300 to 500 years, while the largest trees are from 600 to 700 
years old. Trees from 16 to 25 inches in diameter are from 225 to 
300 years old. 

ALPINE LARCH. 
Laria lyallit Parlatore. 


COMMON NAME AND EARLY HISTORY. 


Larix lyallii is a little-known species, which is usually not distin- 
guished by the ordinary observer from Larix occidentalis, most 
travelers in its high mountain habitat recognizing it only as a ‘‘tam- 
arack”’ or “‘larch,’’ while some have supposed it to be only a high 
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high mountain form of the western larch. A very few people know 
it as ‘‘woolly larch,’”’ a name suggested on account of the woolly 
young twigs. The book name ‘“Lyall’s larch,” coined directly from 
the technical name of the tree, seems not to have gained current 
use. The common name alpine larch is very appropriate because 
it refers to the tree’s characteristic alpine habitat near timber line, 
and may serve roughly to distinguish it from the closely related 
western larch. 

Alpine larch was discovered on the Cascade Mountains" in 1860 
by Dr. David Lyall, surgeon and naturalist to the International 
Boundary Commission which surveyed and determined the boun- 
dary between British Columbia and the United States from the Gulf 
of Georgia to the crest of the Rockies. In 1863 it was technically 
described and named Larix lyallii Parlatore, a name which has been 
maintained for it practically throughout the 50 years this tree has 
been known to science, but one other technical name, Pinus lyallii 
Parl., now a synonym, having been applied to it during this time.!” 


DISTINGUISHING CHARACTERISTICS. 


Alpine larch usually is stunted in appearance, attaining a height of 
from 30 to 50 feet and a diameter of from 10 to 24 inches. Exception- 
ally large trees, sometimes found, are from 60 to 80 feet in height 
and 3 feet or more in diameter. The long, broadly pyramidal, open, 
pointed crown is often unsymmetrically developed, some of the 
branches being very long and big. Asarule, the ends of the branches 
turn upward, but frequently they droop consipcuously. In contrast 
to the brittle branches of western larch, they are tough and withy. 
A notable characteristic of the new shoots (Pl. III, 6) is their dense 
coating of white, fine wool, which is retained, more or less, for two 
seasons, and from which the tree gained the name of ‘‘woolly larch.” 

The trunks are clear of branches for only about one-third or one- 
half the tree’s height, and, as a result of exposure to strong winds, 
are often crooked or bent. The bark of mature trees is rarely more 
than seven-eighths of an inch thick. It is indistinctly furrowed, the 
irrecular, flat ridges of loose scales being of a deep purplish or reddish 
brown color, while the smooth bark of the branches is an ashy gray, 
as is that of young trees, on which the bark is usually unbroken until 
they are 5 or 6 inches in diameter. 


16 Lyall, Journal of Linnean Soc., VII, 143, 1864. Dr. Lyall does not say whether he found this larch 
in the Oregon or Washington Cascades. 

17 Larix lyallii appears not to have been introduced into cultivation as yet either in Europe or in this 
country. However, the very great difficulty of obtaining seeds, because the tree grows only in rough 
mountainous sections not easily accessible, may partly account for this. The seeds are shed soon after 
they are ripe, and to secure them the collector must be on hand just prior to this event. Whether or not 
Larix lyalliican be grown successfully outside of the severe climatic conditions of its natural range is to 
be determined only by actual trial. It has little of special beauty in form or appearance to commend it 
for ornament over other native and exotic species now in cultivation, the chief interest in attempting to 
grow it being its unique botanical characteristics. 


49432°—18—Bull. 680 2 
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The foliage of alpine larch is a light, bluish green, turning bright 
lemon-yellow in autumn, after the first sharp frost. The tree is then 
readily detected by this color on distant high, inaccessible peaks and 
crests. The juvenile or primary form of leaf grows singly on new 
shoots. The adult leaves occur in clusters of from 30 to 40 or more. 
They are somewhat indistinctly 4-angled, and from about 1 inch to 
12 inches in length (Pl. III, a). A cross section of the leaf shows two 
resin ducts, one in each of the two smaller angles. 

The cones mature in one season, ripening early in August, and 
opening soon afterwards to shed their seed. By late autumn most 
of the cones have fallen from the trees, a few sometimes remaining 
until early winter. They are from about 14 to 2 inches long (PI. ITI). 
The bristle-pomted bracts (Pl. III, c) that project from among the 
cone scales are a deep purple, while the cone scales are a deep purple- 
red. Their margins have a fringe of tangled, very fine white wool, 
which is also more or less spread over the outer surface of the scales. 
Mature seeds (PI. III, ¢) are pale reddish brown. ‘The seed-leaves are 
usually 5 in number. 

The wood of alpine larch is of a clear red-brown or deep orange- 
brown color, with a thin layer of whitish sapwood. It is narrow- 
ringed, hard, and tough. It ranks second in weight among our native 
larch woods, a cubic foot of dry wood weighing about 44 pounds. 
While the wood is suitable for rough lumber, railway ties, and mine 
timbers, it is not used for these purposes, probably because of the 
generally small size of the tree and the fact that it grows only in 
rough, comparatively inaccessible places. 


OCCURRENCE AND HABITS. 


Larix lyallii inhabits high mountain slopes and plateaus at and 
near timber line at elevations between about 4,500 and 7,600 feet 
(Map No. 3). The tree shows a preference for northern aspects and 
often for ‘‘passes,’’ sheltered sides of crests, and high divides. Its 
environment is one of heavy snowfall, which comes early and remains 
well into the summer, or, in some parts of its range, throughout the 
year. Itis very moderate in soil requirements, growing in the rockiest 
soil and even in crevices of rough granite slopes, provided there is 
abundant moisture. For the most part, alpine larch occurs in small, 
pure groves, or sometimes in open stands with white-bark pine, 
mountain hemlock, alpine fir, and Engelmann spruce. It appears to 
be hardier than these alpine associates, ascending higher than they 
do in moist basins and showing greater vigor; while its thin foliage, 
compact, strong trunk, tough branches, and firmly anchored roots 
enable it to withstand without serious damage the rigors even of high 
bleak summits. 
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Like the western larch, this alpine species is very intolerant of shade 
throughout its life. Little is known now regarding its seeding habits. 
Sometimes cones are produced abundantly, but apparently at in- 
frequent and irregular intervals. Reproduction in the United States 
is generally scanty, seedlings never being numerous, which may be 
due to the fact that much of the seed falls on the snow and 1s carried 
away during spring floods. 


LONGEVITY. 


Alpine larch is a long-lived tree, attaining an age of from 400 to 
600 years. Exceptionally large trees are doubtless 650 to 700 years 
old, or even older, the exact age limits being imperfectly known at 
present. ‘Trees from 16 to 18 inches in diameter are from 470 to 510 
years old. 

GENERIC CHARACTERISTICS OF HEMLOCKS. 


The hemlocks, which belong to the genus Tsuga, are evergreen trees 

with soft, flat, or rounded-triangular leaves (Pls. IV and V). Their 
branches grow from the trunk at irregular intervals, differing in this 
respect from the pines, spruces, and balsam firs, the branches of 
which occur in regular whorls. The slender terminal sprays of the 
hemlocks droop gracefully, and the slender leaders nod conspicuously 
from the tops of the crowns. Hemlocks are large trees with broad 
pyramid-shaped crowns and long, slightly tapering trunks, which have 
characteristically rough, hard bark narrowly ridged and furrowed. 
The bark contains tannin, which gives it an astringent taste, and 
when broken it displays a clear chocolate-red color. 
- The leaves, which have small, threadlike stems, are spirally arranged 
around the twigs. According to the form of the leaves and size of the 
cones our native hemlocks are divided into two groups. One group 
has rounded leaves, so arranged that they completely cover the upper 
side of the twigs, and large cones (Pl. V); while the other group has 
flat leaves so arranged that they appear to grow only from two oppo- 
site sides of the twigs, the cones of this group being comparatively 
small (Pl. IV). A twist in the stem of the leaves brings them into 
the characteristic positions described. The leaves of hemlocks are 
peculiar in having but one resin duct, which, as seen in a cross section 
of the leaf, is situated in the center of the leaf near ‘the lower surface. 
Leaves of a season’s growth remain on the trees for from about 3 to 
6 years, giving the twigs a well-covered appearance. 

The male and female flowers are borne separately on different 
parts of the same tree, on twigs formed the preceding season. The 
female flowers grow at the ends of the twigs, while the male flowers 
are borne singly from buds at the bases of the ieaves near the ends 
of the branchlets. Female flowers, which produce cones and seed, 
are small, greenish, scaly bodies, while the male flowers, pollen- 
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bearing only, are small yellowish bodies attached by threadlike 
stems. The cones of the hemlocks mature in one season, and are 
composed of thin overlapping scales, beneath each of which two 
winged seeds are borne (Pl. IV, a); only the scales in about the cen- 
tral half of the cones, however, bear fertile seeds, those above and ~ 
below this part being imperfect. The seeds of hemlocks are peculiar 
in having minute resin cells at various points on the outer surface. 
The small light seeds are easily wafted by the wind and thus may be 
widely disseminated. The seed-leaves of our native hemlocks are 
from 3 to 4 in number and very short. 

Hemlocks are important forest trees, both for saw timber and for 
tan bark. As yet their wood is of comparatively lower commercial 
value than that of the pines, firs, and spruces, which often grow with 
hemlocks. Unquestionably, however, the commercial importance 
of hemlock wood, particularly of the western hemlock, will be greatly 
increased as the supply of other timbers, abundant now, is reduced. 
Strangely enough, the superior quality of western hemlock timber 
has long failed to be fully appreciated because the wood has been 
assumed to be similar in quality to that of the eastern hemlock, to 
which the western wood is vastly superior. 

Four species of hemlock are indigenous to the United States and 
adjacent portions of Canada. Two of these inhabit eastern United 
States and adjacent Provinces of Canada, and two are found inthe 
north Rocky Mountain and Pacific forests. 

The hemlocks are of ancient origin, remains of them having been 
found in the Miocene formation of Hurope and Asia. Tsuga mer- 
tensiana, the mountain hemlock, has been found in the Pleistocene 
of Alaska.” 


WESTERN HEMLOCK. 
Tsuga heterophylla (Raf.) Sargent. 


COMMON NAME AND EARLY HISTORY. 


Western hemlock is known to laymen chiefly as “hemlock.” 
From its very close general resemblance to the familiar eastern 
timber hemlock (Tsuga canadensis Carr.) many of the early settlers 
in the Northwest believed the western hemlock to be the same as the 
eastern species. The common name ‘western hemlock” is here 
adopted in order to prevent confusion of these trees, which are 
botanically distinct and, as northwestern lumbermen well know, 
very unlike in the qualities of their woods. 

The British navigator George Vancouver gives the first published 
notice of this tree in 1798, in his narrative of a voyage * to the north | 
Pacific coast, in which he mentions “the Canadian and Norwegian 
hemlock,’ a name that can refer only to the species we now know 


18 Tide Dr. Edward W. Berry; see footnote No. 4. 
19 Voyage of Discovery to the North Pacific Ocean and Round the World (1798). 
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as Tsuga heterophylla. He first observed the tree on the shores of 
Puget Sound in 1792. 

The first technical name, ‘‘Abies heterophylla Rafinesque,”’ applied 
to western hemlock, was published in 1832. The present accepted 
name, Tsuga heterophylla (Raf.) Sargent, which is based on that of 
Rafinesque, was, however, not established until 1898. From 1867 
to the latter date western hemlock was generally known to botanists 
as “Tsuga mertensiana Carriére,’”’ which was published in 1867. 
But this name, which is based on “Pinus mertensiana Bongard”’ 
(published in 1831), Prof. C. S. Sargent has shown must be applied 
to our mountain or black hemlock.” 


DISTINGUISHING CHARACTERISTICS. 


Western hemlock is a large forest tree. Its tall, clean, smooth- 
looking trunks, fine foliage, and drooping branchlets distinguish it 
from all of its associates. The trunks taper very gradually. As a 
tule, the base of the trunk is not greatly enlarged, but many trees 
from seedlings grown on logs and stumps are irregularly buttressed. 
Forest-grown trees have small, narrowly pyramidal crowns of slender 
branches, and are from 125 to 175 feet high and from 2 to 5 feet in 
diameter. Occasionally trees are found which are nearly 200 feet 
high and 8 or 9 feet in diameter. The bark of the larger branches 
and young trees is thin, finely scaly, and russet-brown; that of old 
trunks is about 14 to 14 inches thick, hard, deeply furrowed, and of a 
dark, russet-brown color tinged with red; the main wide, flat ridges 
are irregularly connected with one another by narrower diagonally 
disposed. ridges. 

In color the foliage is a deep, glossy yellow-green. It clothes the 
twigs thickly, but has a rather thin appearance because of the small 
size of the leaves. The leaves (Pl. IV) appear to grow mainly from 
two opposite sides of the branchlets—somewhat like the teeth of a 
comb. They are flat, with a central groove on the upper side, have 
rounded ends, and short, distinct, threadlike stems, and vary in 
length from about one-fourth to seven-eighths of an inch! The 


2 Western hemlock was introduced into cultivation in Scotland by John Jeffrey in 1851 (Malcolm Dunn, 
in Journ. Royal Hort. Soc., XIV, 78, 1892). Mr. Dunn (op. cit.) states that this tree was soon afterwards 
planted elsewhere in the British Isles, where it generally seemed perfectly at home. The large number 
of trees located by Mr. Dunn vary in age from about 20 to 40 years and in height from 35 to 72 feet, with 
diameters ranging from 15 to 25 inches. According to Elwes and Henry (The Trees of Great Britain and 
Treland, I, 236, 237, 1907, under ‘‘ Tsuga albertiana”’) the largest treein England is said to have been planted 
in 1856, and in 1907 was 943 feet high and about 33inchesin diameter. Western hemlock is said to thrive 
also in temperate parts of Europe. A trial of this hemlock is being made at the Letchworth Park Forest 
and Arboretum, Wyoming County, N.Y. Seedlings raised from seed planted there in 1914 have survived 
two winters and appear to be hardy. 

21The German dendrologist Beissner has described (Handb. Nadelh., 404, 1891) a garden form of the 
western hemlock as ‘‘ Tsuga mertensiana macrophylla,’’ which he distinguished by its longer and broader 
leaves. ‘Thisform, which originated in France, appears not to be cultivated in the United States. Owing 
to the fact that a similar broad-leafed form of our eastern hemlock (Tsuga canadensis) was previously named 
“macrophylla,” this garden form of the western hemlock was renamed Tsuga heterophylla latifolia Sudw. 
in 1898. Another garden form, withsilvery-white young shoots, doubtless originated in a European nursery, 
and as yet unknown in cultivation here is ‘‘Tsuga mertensiana argenteo-variegata Hort.’’ (Beissner, op. 
Cit., ed. 2, 94, 1909). 


14 BULLETIN 680, U. S. DEPARTMENT OF AGRICULTURE. 


leaf-bearing twigs, especially the newly formed ones of the season, 
are more or iy minutely hairy. 

The small, few-scaled cones (Pl. IV), which nod from the eb of 
branchlets, mature from the middle to the end of August. Their 
scales open rapidly afterwards and usually shed the small, winged 
seeds during September, or occasionally somewhat later. By spring 
most of the cones have fallen from the trees. Mature cones are from 
about three-fourths of an inch to sometimes nearly 14 inches long, 
and of a reddish clay-brown color. The cone scales, peculiar in being 
sharply narrowed from about their middle, are faintly downy on their 
outer surfaces. The seeds (Pl. IV, a) are light brown. The com- 
paratively large-winged seeds are easily borne by the wind to a con- 
siderable distance from the parent tree. Seed-leaves, which vary in 
number from 3 to 4, are about one-fourth of an inch long. By the 
third year, seedlings produce foliage like that of the adult tree (PI. 
VED) 

Western Hemiolel wood is narrow-ringed and of a pale yellowish 
brown color, with a slight tinge of red. It is rather soft (‘‘works”’ 
like soft pine), and in texture is very unlike the slivery wood of its 
eastern relative, Tsuga canadensis, which it otherwise resembles. 
It is the heaviest of our native hemlocks, a cubic foot of dry wood 
weighing about 32 pounds. The unfounded prejudice, still existing 
to some extent, against western hemlock wood is exceedingly unfor-~ 
tunate, because the best grades of this wood are useful for. many of 
the commercial purposes for which pine is used, while the bark of 
western hemlock yields a much higher percentage of tannin than that 
of the eastern hemlock (Tsuga canadensis), so long and extensively 
used for tanning leather. 


OCCURRENCE AND HABITS. 


Tsuga heterophylla is a tree of the middle, moist forest zone, grow- | 
ing from sea level to 7,000 feet elevation (Map No. 4). It is more 
abundant on the west slopes of mountains than on the east slopes, 
being absent from the dry inland basins of Oregon, Washington, and 
British Columbia, but reappearing on the west slope of the Rocky 
Mountains. The largest trees occur on lower slopes, flats, stream 
bottoms, etc., on the west slope of the Cascade Mountains and on the 
coast ranges of Washington and British Columbia. It grows at 
higher elevations at the south in Washington, Oregon, and California 
than it does toward its northern limit in Alaska. Likewise, it occurs 
at lower elevations on the coast mountains than in the Cascades and 
on the west slope of the Rockies. With abundant atmospheric and | 
soil moisture, western hemlock thrives in poor, thin soils and on any 
exposure, but it grows best on deep, porous, moist soils. Quality of 
the soil and exposure become much more important with a decrease 
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in moisture. In dryish poor soils, it seeks chiefly cooler, northern 
aspects. Lack of soil and moisture produces stunted growth, as do 
also high elevations, even when abundant moisture and good soils 
are present. 

Western hemlock is usually a subordinate species in association 
with other trees; but sometimes forms the dominant growth, espe- 
cially in its far northwestern range, where occasional pure stands also 
occur. Generally it is scattered in patches, groups, or singly through 
the forest. From the Pacific coast to the Rocky Mountains its com- 
mon associates are Alaska cypress (Pacific region), Douglas fir, west- 
ern red cedar, lowland white fir, silver fir (Pacific region), western 
white pine, Engelmann spruce, lodgepole pine, and western yew. It 
is occasionally associated with mountain hemlock. 

Tsuga heterophylla is extremely tolerant of shade throughout its 
life, especially during the seedling stages. In later life, however, ver- 
tical light is necessary for the best growth. Prolonged suppression 
in dense shade greatly checks growth; but when overhead light is 
admitted, the trees recover remarkably well from long suppression 
and soon increase their rate of growth. Western hemlock maintains 
dense stands when growing alone, subordinate to others, or as the 
dominating tree with equally tolerant or slow-growing species. The 
ability of this tree to grow throughout its life in the densest shade 
explains the often almost pure stands that have followed the removal 
of the older forest in which hemlock was widely but only sparingly 
represented. The hemlock seedlings had covered the shaded ground 
in this older forest, and later excluded other less tolerant species try- 
ing to come in after the old trees were removed. 

Western hemlock is a very prolific seeder, reproducing itself freely 
everywhere under favorable conditions. Trees 25 to 30 years old 
may begin to bear seed. Some seed is produced every year, but heavy 
seed years occur at irregular intervals of from two to three years. The 
seed has only a moderate rate of germination and fairly persistent 
vitality. Germination is excellent and growth of seedlings good on 
wet moss, humus, litter, decaying wood, muck, and mineral soils, 
the latter being less favorable than a seed bed of moist vegetable 
matter. In the dense, moist forests in which this tree grows best, 
its numerous seedlings are a familiar sight on moss-covered stumps 
and logs—often lodged high in the air—and even in the moss on 
living trunks. Not infrequently seedlings extend their roots through 
or over these decaying stumps or logs into the soil and become firmly 
rooted; many others, unable to do this, die.”7. Reproduction occurs 
abundantly under the dense shade of mature stands and also in the 


22 Mr. F. H. Conant, of Auburn, Wash., an old timber cruiser, says in a letter to the writer under date 
of Feb. 12, 1909, that during logging operations in (sec. 15, T. 21 N., R. 8 E.) west Washington a 240-year- 
old western hemlock was cut that had grown upon the prostrate trunk ofan old Douglas fir. 
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open on cut-over areas where the forest floor is moist. Burned-over 
areas, as a rule, are restocked only sparingly at first by this species, 
because such light-demanding trees as Douglas fir, pine, larch, fir, 
etc., come in first. 

LONGEVITY. 


Western hemlock is a long-lived tree, which grows slowly in height 
and diameter. Trees 16 or 17 inches in diameter are from 195 to 
200 years old. Large trees are from 300 to 500 years old, and it is 
believed that very much older trees will be found. 


MOUNTAIN HEMLOCK; BLACK HEMLOCK. 
Tsuga meriensiana (Bong.) Sargent. 


COMMON NAME AND EARLY HISTORY. 


Tsuga mertensiana is known to few people except botanists and 
woodsmen who travel in its high mountain habitat. The woods- 
men and settlers often call it ‘‘spruce hemlock,” probably because 
of its remote resemblance to the spruces and likeness to the well- 
known western hemlock of lower altitudes. ‘‘ Black hemlock” is a 
common name often applied to it, probably on account of the notably 
dark green foliage. ‘“‘Mountain hemlock” would seem to be a most 
appropriate name for this species, because it refers to the character- 
istic habitat of the tree. 

Tsuga mertensiana was first discovered in 1827 on Baranoff Island 
(off the northwest coast of British Columbia) by the German explorer 
and naturalist, Karl Heinrich Mertens, in honor of whom this species 
was technically named for the first time “Pinus mertensiana 
Bongard”’ in 1832, and on which the present accepted name, Tsuga 
mertensiana (Bong.) Sargent, is based. It was next found in 1851 
by John Jeffrey ‘‘on the Mount Baker range of mountains” (south of 
Fraser River) in northern Washington.” Mountain hemlock was 
found for the first time in our Rocky Mountain region by Dr. Sereno 
Watson, who discovered it in Idaho, in 1880. Mr. H. B. Ayres next 
reported it in northern Montana, in 1893.% The botanical history 
of mountain hemlock is complicated by a large synonymy including 
some sixteen different botanical names which various authors have 
applied to it during the 80 years this tree has been known to 


23 The application in 1867 of the technical names ‘‘Tsuga pattoniana Sénéc.” (based on ‘Abies pat- 
toniana Balf.,’’? published in 1853), and of ““Tsuga, hookeriana Carr.” (based on “Abies hookeriana 
Murray,” published in 1855), gave rise to such book names as “ Patton’s spruce” and “‘ Hooker’s hem- 
lock,”’ which are still maintained for this tree by European writers, but which have not gained current 
use in the native range of the species. 

24 Voyage autour du Monde exécuté par ordre de sa Majesté l’Empereur Nicolas I. sur La Carvette Le 
Sémiavine dans les Années, 1826, 1828 et 1829, par Frédéric Lutki,” III, 337 (fide Sargent, Silva XII, 80, 
1898). 

% “ Jefirey’s Report to the Oregon Committee,’ 1852. 

26 Fide Sargent, Silva XII, 79, 1898. 
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TSUGA HETEROPHYLLA: FOLIAGE AND OPEN CONES. 


a, Seeds with wings; b, seedling 3 years old. 


Bul. 680, U.S. Dept. of Agriculture. PLATE V 


TSUGA MERTENSIANA: FOLIAGE AND CLOSED CONES. 


a, Detached open cones; b, seeds with wings. 
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science. From 1867 to 1898 mountain hemlock was known to most 
botanists as ‘‘Tsuga pattoniana Sénéclauze,” at the close of which 
period Prof.:C. S. Sargent showed Tsuga mertensiana to be the 
correct designation.” 


DISTINGUISHING CHARACTERISTICS. 


Mountain hemlock has little general resemblance to the better- 
known western hemlock. Only its drooping slender branches and its 
bark suggest hemlock to the casual observer, by whom its foliage 
might be easily mistaken for that of a spruce or, possibly, of a fir. 
Forest-grown trees have sharp-pointed, narrowly pyramidal crowns 
of slender, conspicuously drooping branches; the upper third of the 
crown has very short drooping branches, while the exceedingly 
slender whiplike leaders are gracefully pendulous. Trees grown in 
the open bear branches of the same habit down to the ground, rarely 
losing them for more than a few feet above ground, even in old age. 
Ordinarily, mountain hemlock is short, from 25 to 60 feet high and 
from 10 to 20 inches in diameter; on bleak crests, it is only a few feet 
high or sprawling on the ground. Trees 75 or 80 feet high are not 
uncommon, while trees 100 or 150 feet high, with a diameter of 30 or 
40 inches, are sometimes met with. The trunk is often rather sharply 
tapering. On high steep slopes the trunks have a conspicuous bend 
at the base in the form of a sled runner. This is produced by heavy 
snows which annually bend or crush the slender seedlings and saplings 
to the ground without killing them. Later growth fails to straighten 
entirely the bent stems. The bark is early broken and rough on 
young trees. That of old trees is about 14 inches thick and of a dull 
purplish to dark reddish brown color. It is deeply and narrowly 
furrowed, the rough, hard, distantly connected ridges being narrow 
and rounded. At some distance the trunks have a blue-gray tinge. 

The dense foliage varies from a dark to a pale blue-green. Foliage 
of a season’s growth is shed about the fourth year. The blunt- 
pointed leaves (Pl. V) are rounded and plump looking, being unlike 
the flat, grooved leaves of other hemlocks in this respect, but like them 
in having small distinct stems. The leaves clothe the branches all 
around, but appear thicker on their upper sides. The main branchlets 
are unique in having numerous short, erect side twigs; both are 
minutely downy for several years. 

21 Mountain hemlock is said to have been first introduced into cultivation in Scotland from seeds col- 
lected by John Jeffrey ‘‘on the Mount Baker range of mountains” in 1851 (Murray, Edin. New. Phil. 
Journ., 289, 1855; Proc. Hort. Soc. TI, 202, 1863). The bluish-leafed form of this tree cultivated for orna- 
ment in European gardens has been named ‘“‘Tsuga pattoniana argentea Beissner’? (Handb. Nadelh., 
410, 1891), this name being changed to ‘‘Tsuga mertensiana argentea (Beissn.) Sudw.”’ in 1898. Elwes 


and Henry (The Trees of Great Britain and Ireland, II, 231,1907) have distinguished a garden form with 
“‘sreenish foliage”’ as ‘“‘Tsuga pattoniana, var. Jeffreyi,”’ stating that it is known only in cultivation. 
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The cones become full grown in one season. They are usually so 
abundant as almost to cover the branchlets and to bend them down 
with their weight. When mature the cones are pendulous; very 
rarely, and then chiefly on stunted trees in exposed situations, are 
they erect when mature. They vary greatly in length from about 
one-half an inch to 3 inches; commonly, they are about 2 inches long 
and three-fourths of an inch thick before opening (Pl. V). There is 
great variation in the color of cones at maturity, this ranging from 
yellowish green to a bluish purple. Different trees of the same forest 
may each have differently colored mature cones; but the color is a 
transient characteristic and there is no other difference between such 
trees. When the cones open, and for some time afterwards, they are 
of a dull to light brown color, the scales spreading at right angles to 
the cone axis (PI. V, a) or being strongly bent downward. After the 
seeds are shed, usually late in September or October, the cones begin 
falling from the trees, and by spring most of them are down. The 
pale brown seeds (PI. V, }) are provided with large wings which enable 
the wind to carry them for long distances. Seed-leaves of the 
mountain hemlock are four in number, and about one-fourth of an 
inch in length. 

The wood of mountain hemlock is very narrow-ringed, soft, and of a 
pale reddish brown color. It is without the silvery character peculiar 
to our eastern hemlock wood. It ranks second in weight among our 
native hemlocks, a cubic foot of dry wood weighing about 27? pounds. 
It is practically never used for commercial purposes, and locally only 
occasionally on the prospector’s camp fire or for his rough-log cabin. 


OCCURRENCE AND HABITS. 


Tsuga mertensiana grows mainly at timber line, but far north in 
the Pacific region it occurs at sea level. Southward in the Pacific 
region and eastward in the Rockies (Map No. 5) its vertical range is 
determined by the gradual ascent of favorable climatic and moisture 
conditions, which for these regions confine the tree to high, cold, 
moist, mountain slopes and valleys. It thrives in most well-drained 
soils which are not too dry, but best in loose, coarse, moist ones, at 
elevations ranging from sea level to about 11,000 feet. The highest 
elevation attained is in the California Sierras. So far as is now 
known, its vertical range in the Rocky Mountains is between about 
5,500 and 8,000 feet, or occasionally up to 9,000 feet. 

The best stands occur on flats, gentle slopes, and at the heads of 
moist valleys, or in sheltered ravines. It has a decided preference 
for north exposures, doubtless because it encounters less heat and 
greater soil moisture there. Although often abundant on exposed 
high slopes, it is usually stunted in such situations, which are least 
favorable to the best growth. At high altitudes, mountain hemlock 
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occurs very commonly in small pure stands and also in mixture with 
white-bark pine, alpine fir, alpine larch, and Engelmann spruce, while 
lowland white fir, lodgepole pine, and western white pine are 
occasional associates at lower elevations. Large pure stands are 
uncommon, but rather extensive mixed forests are occasionally 
found containing as much as 85 per cent of this hemlock. 

Mountain hemlock is very tolerant of shade, surpassing all of its 
associates, except western hemlock, in shade endurance. Its dense 
shade, which in some instances almost excludes light from the ground, 
usually prevents growth of all seedlings, even of its own, which appear 
to require more light than is available under the mother trees, but 
which thrive under lodgepole pine, fir, etc. Seedlings grow more 
thriftily in moderate shade than in full light. Seedlings and saplings 
bear long suppression, rarely dying under it, and resume normal 
growth when top light is admitted. Because of the mountain 
hemlock’s great shade-enduring qualities, the trunks are not readily 
cleared of branches, even in dense stands. The branches become 
so large before they die that they usually persist for a long time or 
leave short stubs, thus forming loose knots in timber. 

Tsuga mertensiana is a prolific seeder, some trees beginning to pro- 
duce cones when about 20 years old. More or less seed is borne 
annually, but good seed years occur only at intervals of several years. 
The seed has only a moderate rate of germination, and its vitality is 
rather transient. With sufficient moisture, seed germinates on both 
humus and mineral soils, but much more readily on the latter. 


LONGEVITY. 


The age limit of mountain hemlock is not known at present, but it is 
believed to be a very long-lived tree, probably attaining an age of 
from 400 to 500 years. ‘Trees from 18 to 20 inches in diameter are 
from 180 to 260 years old, while trees only from 5 to 7 inches in 
diameter growing on high, wind-swept ridges are from 60 to 80 years 
old. 

GENERIC CHARACTERISTICS OF FALSE HEMLOCKS. 


The generic name Pseudotsuga, false hemlocks, is applied to a 
group of trees related to the hemlocks (7’suga), which they resemble 
in the contracted base of their leaves and in the habit and 
character of their cones. The resin vesicles peculiar to hemlock 
seeds, are, however, absent from the seeds of Pseudotsugas. Like 
the balsam fir trees, the false hemlocks have small resin pockets, or 
“blisters,” in the bark of young trunks and branches. Woodsmen 
and lumbermen know the trees of this group as ‘‘varieties” of ‘‘fir”’ 
or “‘spruce,” and even as “‘pines,” this being due probably to the 
superficial resemblance of the wood to that of spruces and pines. 
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Obviously, however, use of the name pine for these trees is a per- 
version, for in all respects the pines are totally different trees. 
Properly, moreover, they should not be called firs, from which they 
differ greatly in the character of their wood, foliage, and cones. 

False hemlocks are evergreen trees with dense, soft, foliage- 
Their branches, which grow from the trunks in irregular circles, form, 
with their many side branches, wide fanlike sprays. The rough, 
thick-barked gradually tapered trunks are tall, straight, and, in the 
case of one species, very massive. They have broadly pyramidal 
crowns, which in the case of young trees extend down to the ground. 
~ The flat, bluntish leaves, with contracted bases, are single and 
spirally arranged on the twigs and branches. They appear often to 
grow mainly from two opposite sides and from the top of the branches, 
but by a twist in their stems the lower leaves are bent upward 
toward each side of the branch. Leaves of a season’s growth remain 
on the tree from about five to eight years. In cross section the leaves 
show two resin ducts situated near the edge on the underside. 

The male and female flowers are each borne singly on different 
parts of the same tree, the twigs on which flowers are borne being 
formed the previous year. The female flowers, bristly, scaly bodies 
which develop into cones with seed, are borne nearly or quite at the 
ends of twigs, while the male flowers, scaly bodies bearing pollen only, 
grow from the bases of leaves farther back from the ends of the twigs. 
Most characteristic of the false hemlocks are their pendulous cones 
with conspicuous 3-pointed, scalelike bracts, which protrude from 
among the cone scales (Pl. VI). None of our other native evergreen- 
leafed conifers that bear cones with persistent cone scales produce 
exserted bracts. The thin-scaled cones mature in one season, soon 
afterwards falling from the trees. 'Two-winged seeds (Pl. VI, a) are 
borne under each cone scale. Their large, light wings permit the 
wind to distribute them easily. The seed-leaves of Pseudotsuga are 
flat and vary in number from 6 to 12, beng commonly 6. 

The trees of this group are of the greatest commercial importance 
(mainly one species), supplying great quantities of the finest and 
largest saw timber of any of our native trees, if not of any trees in the 
world. The slightly resinous, pinelike wood is suitable for all sorts 
of construction purposes. 

Two species of this group are natives of North America. One is 
distributed more or less from the Rocky Mountain States to the 
Pacific coast, extending also into adjacent Canadian and Mexican 
territory, while the other species inhabits the mountains of southern 
California. 

Species of this genus are of ancient origin, the wood of some of them 
having been found in the Middle Tertiary period of western Canada, 
while remains of Pseudotsuga taxifolia occur in the Pleistocene of 
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PSEUDOTSUGA TAXIFOLIA: FOLIAGE AND OPEN CONES. 


a, Upper and lower sides of seeds with wings, showing variation in size of w-ugs. 
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PSEUDOTSUGA TAXIFOLIA: FOLIAGE AND OPEN CONE. 
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Montana, and those of Pseudotsuga macrocarpa in the Pleistocene of 
Humboldt County, Cal. ** 


DOUGLAS FIR; DOUGLAS SPRUCE. 
Pseudotsuga taxifolia (Poir.) Britton. 


COMMON NAME AND EARLY HISTORY. 


During the last 30 years Pseudotsuga taxifolia has become very 
widely known both in this country and elsewhere for its commer- 
cially valuable timber. Many confusing common names, such as 
“red fir,” “‘red spruce,’’ ‘‘Douglas spruce,” ‘‘yellow fir,’ ‘‘Oregon 
pine,” and ‘Puget Sound pine,” have been applied to it in different 
parts of its extensive range, but it is now generally known as Douglas 
fir, which commemorates the name of David Douglas, by whom 
seed of this tree was first sent to England * in 1827 from the region 
of Columbia River, Oreg. Through this seed the tree first became 
known to science. The tree was, however, first discovered in 1791 by 
Dr. Archibald Menzies, who found it on Nootka Sound (west coast of 
Vancouver Island). Dr. Menzies was at that time a surgeon attached 
to George Vancouver’s expedition *° to the north Pacific coast. 
Lewis and Clark’s ** account of this tree, published in 1805, was the 
first printed notice of it to appear. Dr. C. C. Parry’s discovery of 
Douglas fir in the Rockies of Colorado in 1862 is the first instance of 
its being found east of the Pacific slope. 

The botanical history of Douglas fir shows that nearly 30 specific 
and varietal names have been applied to the tree during the 
113 years it has been known to science.” The first tenable 


23 Fide Dr. Edward W. Berry. See footnote 4. 

2 Fide J. G. Jack, in Garden and Forest, VI, 14, 1893. 

30 See footnote 19. 

31 History of expedition under command of Lewis and Clark, III, 831 (ed. Coues), 1805. 

32 Douglas fir is said to have been first introduced into cultivation in England from the Pacific region in 
about 1827. <A tree at Dropmore, raised from seed planted at that time, is believed to be the oldest onein 
England (Frost. in Gard. Chron. 1871, p. 1360). 

According to Elwes and Henry (The Trees of Great Britain and Ireland, IV, 824-827, 1909), trials in 
England of the Rocky Mountain and Pacific slope forms of Douglas fir show that both grow well there, 
but that trees from the Pacific region grow considerably faster and are, therefore, much more desirable 
for forest planting there than the Rocky Mountain form. 

A number of the largest trees in England planted during the period from about 1830 to 1865 range from 
about 100 to 128 feet in height and from 4 to 6 feet in diameter. 

As nearly as can be determined, Douglas fir was first introduced into cultivation in Europe in 1831. 
John Booth (Die Douglas Fichte u. e. a. Nadelh., 50, 1877) speaks of the record of a tree 2 years old 
planted in Germany during that year as the oldest example known therein 1877. This tree was then 
48 years old and about 70 feet high, with a diameter of 22inches. Booth mentions having seen another 
tree of similar proportions, probably planted at about the same timein the region of Greifswald, Germany, 
and also one planted near Bremen in 1855, which was 394 feet high in 1877. Itis not known whether or 
not these trees are the Pacific slope or the Rocky Mountain form. 

Extensive tests made by the German Government during the early nineties of both the Pacific slope 
and the Rocky Mountain forms of Douglas fir show that the former strain grows more rapidly in Germany 
than the latter, but that the Pacific slope tree is likely to beinjured, though not seriously, by early frost, 
while the Rocky Mountain form is not affected by low temperatures. Because the Pacific slope, or 
green-leafed, tree produces the better quality of timber, this form appears to be preferred as a forest tree 
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scientific name applied to Douglas fir is ‘‘Abies taxifolia Poiret,’’ 
published in 1804, on which the present acceptable name, Pseudot- 
suga taxifola (Poir.) Britton**, is based. From 1833 to 1889, the 
date on which the latter name was established, Douglas fir was 
-known to many botanists as ‘‘Abies Douglasu Lindl.,” and from 
1867 to 1889, as ‘‘Pseudotsuga Douglasi, Carriére.”’ 

Some 22 different garden varieties of Douglas fir have been named, 
most of which are distinguished by the size, form of crown, color 
and shape of leaves, and habit of the branches.*4 


DISTINGUISHING CHARACTERISTICS. 


Excepting the great sequoias of California, Douglas fir is the 
most gigantic tree of our western forests. Under the best con- 
ditions for growth, which exist chiefly in the northwest Pacific 
coast country, it ordinarily reaches 180 or 190 feet in height and from 
34 to 6 feet in diameter. Exceptionally large trees occasionally found 
are from 200 to 330 feet high and from 8 to 10feet indiameter.** Under 
less favorable conditions, such as prevail in the range of Douglas 
fir outside of the humid Pacific coast region (Map No. 6), it com- 
monly attains a height of from 75 to 125 feet and a diameter of 
from 24 to 40 inches, while in high, exposed situations it is much 
smaller or greatly stunted, sometimes under 3 feet in height. 

The typical crown form of young trees is an open, broad, sharp- 
pointed pyramid; the lower branches are straight or somewhat 


by a number of German authorities. Others, however, recommend using the Rocky Mountain form 
because of its greater hardiness. 

The first introduction of Douglas fir in eastern United States dates from 1863, when Dr. C. C. Parry 
is said to have sent seeds of the Rocky Mountain form to the botanic garden of Harvard College. Trees 
raised from this seed grew thriftily and have proved well adapted to the climate of New England. Later 
numerous plantings of Douglas fir from its Rocky Mountain range have established the perfect adapt- 
ability ofthe species to our Northeastern States, specimens ofit growing fairly welleven as far south as the 
District of Columbia. Douglas fir from the moist climate of its Pacific range does not, as a rule, grow 
well in our Eastern States. 

A number of writers on American trees have maintained that the Pacific slope and the Rocky Mountain 
forms of this tree are distinct species, this view being based on the common occurrence in the Rockies of 
blue-leafed trees with the bracts of the cones often reflexed, and of green-leafed trees in the Pacific region 
with the bracts of the cones usually straight. The decidedly more thrifty growth in Europe and in 
eastern United States of the Rocky Mountain form, as compared with that of the Pacifie slope tree also 
seemed to indicate specific distinction between these two regional forms. Broadly considered, however, 
the trees of these regions can not be maintained as distinct species, for the characteristics offered to dis- 
tinguish them are not dependable, the real difference between them appearing to be wholly ofa silvical 
nature. 

33 Several authors maintain for this tree the name Pseudotsuga mucronata (Raf.) Sudworth, which the 
writer believes to be lawfully antedated by P. taxifolia (Poir.) Britt. For a full discussion of the basis 
of this decision, see Bull. 17, Div. For., 23, 1898. 

34The most distinct and best known of these forms is P. taxifolia pendula (Engelm.) Sudw. and P. 
taxifolia glauca (Beissn.) Sudw. (Other varieties are listed in Bulletin 17 of the Forest Service, ‘‘Check 
List of the Forest Trees of the United States,’’ 24, 1898, and described by Beissner in his Handbuch der 
Nadelholz-Kunde, ed. 2, 106, 1909). 

35In a letter dated Noy. 26, 1912, Mr. Bartle F. Harvey of 2653 Fifth street, Portland, Oreg., called 
the writer’s attention to a Douglas fir tree 14 feet in diameter and 200 feet high, this tree being located 
about 175 feet from the Tacoma & Eastern Railroad at a point about 2 miles south of the town of Min- 
eral, Pierce County, Wash. The tree is on the tourists’ route to Mount Rainier and is visited annu- 
ally by many people. 
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drooping and the middle and higher ones trend upward. All of 
the branches have numerous long, hanging, side branchlets, which 
are sometimes very long. In dense stands, one-half or two-thirds 
of the lower branches are shaded out by the time the trees are 10 
or 15 inches in diameter. Under these conditions the crowns of 
middle-aged and old trees lose much of their earlier pyramidal form 
and become rounded or flattened. 

The massive trunks, clear of branches for 80 or 100 feet (in the 
Pacific region) are straight and taper only slightly. The ashy 
brown bark of young trees, often with chalky patches, is thin and 
smooth and but little broken or furrowed, except near the ground, 
until the trees are from 12 to 14 inches in diameter. Old trees have 
bark from 5 to 10 inches thick at the base of the trunk, although 
higher up it is much thinner. Very old trees sometimes have bark 
from 18 to 24 inches thick. The bark is of a dark brown color 
outside and a clear red-brown within. It is often very rough, with 
deep, wide furrows and great ridges, which are connected at in- 
tervals by narrower diagonally disposed cross ridges. There is 
great variation in the character and markings of the bark in dry 
and humid regions, and also on trees in exposed and protected 
situations. In exposed, dry situations, such as are common in the 
southern and middle Rockies, trees have rougher and harder bark 
than in the moist, dense forest of the Pacific region. Moreover, 
trees of the high, very dry interior Rocky Mountain slopes, par- 
ticularly young trees, may have soft, corklike,*° gray-brown bark. 
This may well be a result of the excessively dry atmosphere, for 
one or two balsam firs of that region have similar bark. In other 
characteristics, however, these trees do not differ from those with 
the ordinary bark. 

Mature foliage is usually a deep yellow-green. In the drier parts 
of its range, particularly in the Rocky Mountain region, Douglas 
fir sometimes has blue-grass*” foliage of varying shades. These 
blue shades are especially pronounced during the early maturity of 
the leaves. Each season’s growth of leaves remains on the tree 
about eight years, soon after which it is shed at irregular intervals. 
The leaves (Pl. VI) are flat, shghtly grooved above and commonly 
blunt, or very occasionally pointed. 

The cones (Pls. VI, VII) ripen early in August, and by September 
they are of cinnamon or reddish brown color. Their scales soon 
begin to open and shed their seed, the cones dropping from the 


36 The variety ‘“‘ Pseudotsuga taxifolia suberosa Engelmann”’ is a form of Douglas fir with bark of this 
character. 

37 About 20 or more different garden varieties and other forms of this tree now distinguished in 
cultivation are based on color of the foliage and similar individual characteristics. 
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trees a few weeks later. One of the simplest means of identifying 
this tree is by the 3-pointed, tridentlike, thin bracts** protruding 
from among the cone scales. Cones vary in length from 14 to 44 
inches, but commonly from about 24 to 3 inches. The seeds 
(Pl. VI, a) are dull russet-brown, with areas of white. Seed-leaves, 
about three-fourths of an inch long, vary in number from 6 to 7 
GOV). 

The wood of Douglas fir varies greatly in quality and in the thick- 
ness of annual rings, which may be very wide, medium wide, or 
narrow. Wide-ringed wood is usually a distinctly reddish brown, 
this being the “‘red fir” of lumbermen. Narrow-ringed wood is 
usually a clear yellowish brown, the “yellow fir” and ‘‘Oregon pine”’ 
of lumbermen. The botanical characteristics of trees furnishing 
these dissimilar qualities of wood are the same, and there is no 
foundation for the popular belief that the woods come from two 
different ‘‘varieties’’ or ‘‘species’’ of trees; indeed, the two grades 
of wood may sometimes be obtained from the same tree, the wide- 
ringed wood being in the center of the trunk and the narrow-ringed 
wood in the outside portion. For the first 50 to 100 years or more 
diameter growth is rapid, giving wide-ringed wood (‘‘red fir’’), 
while the later stages of growth are, as a rule, slower and give narrow- 
ringed wood (‘‘yellow fir’). The invariable difference in color 
between these two grades of wood is often attributed to the character 
of the soil, but this explanation ignores the fact that both grades 
may come from the same tree. Grades intermediate between these 
are also common, especially in trees grown outside of the humid 
northwestern range, from which the bulk of ‘‘red”’ and ‘“‘yellow”’ 
timber is obtained. Both grades are exceedingly important com- 
mercially, but the narrow-ringed, yellow wood is the more valuable, 
being extensively used at the present time for the finest sorts of 
finishing lumber, for which it competes with high-class pine. 
Douglas fir wood compares closely in weight and texture with 
western yellow pine, a cubic foot of thoroughly seasoned fir wood 
weighing about 32 pounds. The yellow-wooded form is much more 
durable when exposed to the weather or earth than the red-wooded 
form, the lasting qualities of both grades being rather remarkable 
when they are used for piling.® 


38 As a rule, the bracts of the Rocky Mountain form of Douglas fir are strongly reflexed (Pl. VII), those 
ef the Pacific slope tree remaining more or less straight (Pl. VI). The latter peculiarity is, however, 
confined wholly to the more western form of this tree. 

39 Tn aletter to the writer, dated February 12, 1909, Mr. F. H. Conant says that during lumber operations 
in (sec. 15, T. 21 N., R. 8 E.) west Washington, two sound logs were cut from a large fallen Douglas fir 
on the top section of which (then decayed) a 240-year-old western hemlock (cut at that time) had grown. 
The inference that two sound logs were obtained from the fallen Douglas fir after all those years seems 
scarcely credible. 


Bul. 680, U. S. Dept. of Agriculture. PLATE VIII. 


> 7! 
\Y 
N) 


Ro 


4 


PSEUDOTSUGA TAXIFOLIA: SEEDLINGS. 
a, 1 year old; b, 2 years old. 
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OCCURRENCE AND HABITS. 


In the Rocky Mountain region Douglas fir occurs generally at 
elevations between about 4,000 and 11,000 feet, the lower elevations 
being at the North, while in the central and southern Rockies the 
altitudes attained are from about 6,000 to 11,000 feet (Map No. 6). 
In the northern Pacific coast country it occurs at sea level. It 
grows best and in greatest abundance where precipitation and 
relative humidity of the air are greatest. Except at high elevations 
and, at the northern limit of range, Douglas fir prefers northern to 
southern exposures, and sheltered slopes, canyons, benches, etc., 
to exposed situations. At the North, and at high elevations, warmer 
southern exposures are preferred, for heat, not moisture, then 
becomes the controlling factor in its growth. The lower limit of 
vertical range in drier regions is determined by lack of moisture, 
and the upper limit of distribution is marked chiefly by lack of 
heat. Douglas fir occurs at higher levels on the east sides of moun- 
tains than on the west sides, higher elevations also being reached 
on southern slopes than on northern exposures. But it is more 
abundant on western slopes than on eastern slopes, and likewise 
more frequent on northern than on southern exposures—except 
at the far North, where heat is the essential factor. 

Douglas fir is adapted to a great variety of soils, including nearly 
all with sufficient moisture, from the border of brackish seacoast 
water to soils in which, among other trees, only the drought-en- 
during western yellow pine grows. It prefers fresh, well-drained, 
porous, deep, loamy soils, avoiding saturated, poorly drained, 
heavy soils. Good soil and abundant atmospheric and soil moisture 
are necessary for the best growth, but with abundant moisture, 
quantity and quality of soil are less important, and vice versa. 
Douglas fir grows faster and larger on poor gravels and sand in the 
humid Puget Sound country than on the best soils of the Rocky | 
Mountains, where it is subject to dry air and deficient precipitation; 
likewise, it is not so large on the best soils of the drier California 
mountains, even though the climate is mild and heat and sunshine 
are sufficiently abundant for other tree growth. 

Douglas fir forms large pure forests and often nearly pure stands, 
but chiefly it is associated with a number of other species. In the 
northern Rocky Mountain region it grows with western white pine, 
western yellow pine, lodgepole pine, western red cedar, lowland 
white fir, western hemlock, Engelmann spruce, alpine fir, and 
western larch. Here the climatic and soil conditions are similar 
in great measure to those of the northern Pacific slope country, 
and account for the presence of so many typically west-slope trees. 
In the middle Rockies, where the climate and soils are dry, Douglas 
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fir is associated more often with lodgepole pine and Englemann 
spruce, while western yellow pine grows with it at the lower eleva- 
tions and alpine fir at its upper limits of range. The southern 
Rockies and adjacent dry interior mountains, into which Douglas 
fir extends, are characterized by climatic conditions differing greatly 
from those of the middle and northern parts of this chain of moun- 
tains, so that here Douglas fir is variously associated with limber 
pine, Mexican white pine, bristle-cone pme, Engelmann spruce, 
white fir, cork fir, Gambel oak, and aspen. 

Douglas fir is moderately tolerant of shade in its earlier growth, 
becoming less so with age. Tolerance, however, varies with the 
locality and region, being greatest under the conditions produc- 
tive of the best growth. The tree endures more shade than western 
yellow pine, sugar pine, western white pine, and lodgepole pine, 
but less than western hemlock, western red cedar, white and alpine 
firs, incense cedar, and Engelmann, blue, and Sitka spruces. Partial 
shade and shelter are very necessary in the early life of Douglas 
fir wherever the conditions for growth are least favorable. At the 
North, where moisture is abundant, it thrives in the open from 
early youth, while in drier interior regions it prefers the shade of 
weeds, brush, etc. Dense pure or mixed stands in the Northwest 
have clean trunks for about two-thirds of the length, while trees of 
open forests and those in the Rocky Mountains are clean-trunked 
for only about one-third their length, or, in scattered stands, carry 
branches almost to the ground. The trunks clean themselves of 
side branches slowly even in dense stands, which indicates con- 
siderable tolerance of side shade; on the other hand, young trees in 
dense stands grow rapidly in height, showing their need of over- 
head light. 

Douglas fir is generally a prolific seeder, producing seed nearly 
every year, with specially good local seed years at intervals of three 
or four years. The seed is matured at about the same time through- 
out the tree’s range. Throughout the range of Douglas fir its seed 
formation is nearly as abundant and its power of reproduction - 
nearly as great as in the case of western yellow pine. At best the 
seed has a moderately high rate of germination and persistent vital- 
ity. Not infrequently, however, the seed has a rather low per- 
centage of germination, which may be due in some measure to the 
fact that a large number of seeds are destroyed by insects. Many 
are also eaten by birds and rodents. Germination and early de- 
velopment of seedlings are best on warm, moist, pure mineral soil, 
or in one mixed with humus. Reproduction is rare on thick duff 
or vegetable matter, but abundant in humid regions after this layer 
has been burned off, or thoroughly broken up by logging operations. 
Unburned, logged areas in this moist region are more commonly 
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restocked by western hemlock and red cedar. In the drier more 
southern Rocky Mountain range of Douglas fir, burned-over ground 
is usually unfavorable to reproduction of this species, lodgepole 
pine, aspen, and other trees usually restocking such areas. Under 
the most favorable conditions, reproduction of Douglas fir is ex- 
tremely dense, an acre sometimes carrying over 30,000 trees about 
3 feet high and 11 years old, while a stand of 26-year-old trees may 
average 1,068 per acre, 45 feet high and 34 inches in diameter. 


LONGEVITY. 


Douglas fir is a very long-lived tree. Specimens from 8 to 4 feet 
in diameter are from 150 to 200 years old, while those from 4 to 8 
feet in diameter are from 200 to 375 years old. One tree 9 fect 
through showed an age of 435 years. The ages of rare trees larger 
than this are probably from 400 to 500 years.*° 


GENERIC CHARACTERISTICS OF INCENSE CEDARS. 


Trees of the group Libocedrus are characterized by their conical 
trunks, thick bark, and the very strong but pleasant odor of their 
light, soft, straight-grained, durable wood. The branchlets are 
arranged in one plane, forming flat, fanlike sprays. The twigs of 
adult trees are clothed with evergreen, scalelike, pointed leaves, 
which overlap each other closely (Pl. IX a, 6). On the short side 
branchlets the leaves are much flattened, but on the larger main 
stems they are rounded. The leaves of each season’s growth remain 
on the tree for about 4 or 5 years. In the case of seedlings the 
leaves are needlelike, flat, sharp-pointed, and spreading (Pl. X, }). 
As the plants grow older this juvenile form of leaf is succeeded by 
shorter and less and less spreading ones, until finally the scalelike 
adult form of foliage is assumed. All of the leaves are arranged in 
pairs, each pair being placed on the branch at right angles to the 
preceding pair. The adult leaves also have characteristically long 
bases, which extend downward, completely covering the branch, a 
habit on which the technical specific name, decurrens, of our native 
incense cedar is based. The seed-leaves (first foliar organs pro- 
duced) are needlelike and flat and usually two in number, or occa- 
sionally three (Pl. X, a). 

Both the male and female flowers are small, inconspicuous, oval 
or elongated bodies borne at the ends of branchlets produced the 
previous year, the male flowers being of a yellowish green and the 
female of a greenish color. They are both formed during the autumn, 
but they open late during the succeeding winter or in early spring. 
Flowers of the different sexes are sometimes borne on the same tree, 


40 Mr, F, H. Conani (see footnote 39) states (1. c.) that in secs 9 and 15, T, 21N., R. 8 E., in west Wash- 
ington, he counted the annual rings of growth of several trees which proved to be 600 and 700 years old. 
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even on different twigs of the same branch, but as a rule they are 
borne on different trees. 

The small cones (Pl. [X, a) which mature in one season, are com- 
posed of 3 pairs of scales (practically of only 2 pairs). The first 
or basal pair is at the base of the cone; a second pair, the largest, 
forms most of the cone’s body and incloses 1 or 2 winged seeds (PI. 
IX, c) on each of its scales; the third pair is joined into a central 
flat, thick, woody wall, upon each face of which one of the preceding 
seed-bearing scales clasps. The seeds (Pl. IX, c) are ripe in early 
autumn and are shed soon afterwards, their large wings aiding greatly 
in wide dissemination by the wind. After shedding their seeds some 
of the cones remain on the trees at least until the succeeding summer. 

All of the species of this group, eight in number, are rather large, 
important forest trees, which produce durable commercially valu- 
able wood. Nearly all of them are long-lived trees. One species 
only inhabits the United States, this being confined chiefly to our 
Pacific region. Seven other species are natives of western South 
America, New Zealand, New Caledonia, and China. The group is 
further interesting from the fact that in geologic times species re- 
lated to those now living existed in the upper Cretaceous, Oligocene, 
and Miocene periods of Europe, as well as farther north in Spitz- 
bergen and Greenland. A well marked species of Libocedrus has 
been found in the Miocene Lake bed at Florissant, Colo.“ 


INCENSE CEDAR. 
Inbocedrus decurrens Torrey. 


COMMON NAME AND EARLY HISTORY. 


Libocedrus decurrens is variously known throughout its range by 
such common names as incense cedar, post cedar, bastard cedar, 
and white cedar, none of which is very generally adopted. The 
name incense cedar is as widely used as any, and would appear to 
be most preferable because it refers to the incenselike odor of the 
wood, which is a distinctive feature. The other common names 
applied to it are undesirable because they are either meaningless 
or conflict with previously established common names of some other 
native trees. 

Incense cedar is only sparingly represented in the western edge 
of the Rocky Mountain region (Map No. 7), where it was first dis- 
covered in 1871 at a point in the Washoe Mountains above Carson 
City, Nev. Later (1911) it was again found very near the Nevada 
line in Alpine County, Cal. Its main range lies in the Pacific slope 
country, where Capt. John C. Frémont found it in 1846 on the head- — 
waters of the Sacramento River. The first technical name (Libo- 


41 Fide Dr. Edward W. Berry, see footnote 4. 
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PLATE IX. 
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LIBOCEDRUS DECURRENS: FOLIAGE AND CONES. 


a, Ripe, partly opened cones; b, branch with male flowers; c, seeds and their wings. 


PLATE X. 
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LIBOCEDRUS DECURRENS: SEEDLINGS. 


a, 1 month old: 6, 4 months old. 
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cedrus decurrens Torr.), applied to this tree was published with its 
accompanying description, in 1854, and since that time the tree 
has been known to botanists practically only by this name. The 
botanical history of Libocedrus decurrens contains little or no con- 
fusion with other similar trees, and but three technical names, now 
synonyms, have been applied to it during the 62 years it has been 
known to science.” 
DISTINGUISHING CHARACTERISTICS. 


The striking characteristics of old incense cedar trees are their 
rapidly tapering trunks with widely buttressed bases and their thick, 
cinnamon-brown, deeply furrowed, and ridged bark. The bark of 
such trees is from 2 to 3 inches thick, or more, at the base of the 
trunks, while higher up it is scarcely more than an inch thick. Young 
trees have thin, smooth, slightly scaly bark of a clear, cinnamon-red 
color. Mature trees are ordinarily from 80 to 100 feet in height, 
and from 30 to 50 inches in diameter; exceptionally large trees are 
from 125 to 160 * feet in height and from 6 to 8 feet in diameter. 
The clear length of stem among large trees varies from 40 to 70 feet. 
The largest size is attained in the Pacific region, trees within the 
limited Rocky Mountain range rarely exceeding 70 feet in height and 
30 inches in diameter. 

The crowns of large trees are very open and irregular, consisting 
of a few short, scattered branches on the upper third of the stem, 
and sometimes several large, leaderlike top branches, all with dense 
tufts of light yellow-green foliage. Young trees, up to about 12 
inches in diameter, that have grown in full light, carry a pointed, 
narrow, open, columnar crown, which usually extends down to the 
eround. At the bottom of the crown the branches are slender and 
curve down and up at their ends; higher up on the trunk they grad- 


#2 Libocedrus decurrens appears to be very generally planted for ornament in the British Isles, and in 
west central and southern Europe, where the tree seems to be well adapted for growth. It is said to have 
been first introduced into cultivation in Scotland in 1853. Elwes and Henry (Trees of Great Britain and 
Ireland, III, 492, 1908) mention a tree planted there in 1863, which, in 1905, measured 53 feet in height and 
about 21 inches in diameter. Another tree mentioned, probably the first one grown in England, was 
planted ‘‘about 1850,”’ and in 1907 measured 53 feet in height and about 32inchesin diameter. The largest 
tree found by these authors in England was planted in 1857, and in 1904 was 64 feet high and 30 inches in 
diameter. Much larger trees were found in northern Italy, two specimens mentioned by Elwes and Henry 
(1. c.) each being 90 feet high and 37 and 39 inches in diameter. 

Just when Libocedrus decurrens was first cultivated in eastern United States is unknown. It grows 
wellin the middle Atlantic States, but is not hardy north of southern New York. Probably the earliest 
planting of this species in the East was by Mr. William Saunders, who set several trees in the grounds of 
the Agricultural Department, at Washington D. C., about 1867, Mr. Saunders then being superintendent 
of the department grounds. One of these trees, still standing, is now about 30 feet high and 14 inches in 
diameter. 

# Probably the largest incense cedars now known are two trees recently reported by the district forester 
of district 5. The larger in diameter of these trees, located near Morgan Springs, Tehama County, Cal. 
(in the Lassen National Forest), is 120 feet in height and 8 feet in diameter, and is estimated to contain 
9,700 board feet. The taller is located in the Shasta National Forest (California) and measures 161 feet in 
height and 83 inchesin diameter. Since these two records were obtained, Mr. J. Alfred Mitchell reports 
trees ranging from 162 to 183 feet in height, and one tree, recently cut, that was 186 feet high. (Bul. 
604, U. S. Department of Agriculture, pp. 18, 14, 1918.) 
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ually swing upward more and more toward the narrow-pointed top. 
Short, flat, drooping sprays of foliage terminate the branches. A 
notable feature of the branches is that they shed numerous short 
side twigs, which die in about their second or third year as the main 
divisions of the branch enlarge. (This is true also of other cedars, 
particularly Thujas.) The form and habit of the adult and juvenile | 
leaves and of the cones have already heen defined in detail under the 
‘Generic Characteristics of Incense Cedars.” 

The flowers of incense cedar open in midwinter or very early 
spring (Pl. IX, 6). Both the male and female flowers are each borne 
on the ends of separate year-old twigs, either of the same tree and 
branch or of different trees. The cones (Pl. IX, a) are ripe by the 
middle or latter part of August and usually begin to shed their 
yellowish brown, large-winged seeds (Pl. IX, c) late in September, 
most of the seed falling by the end of October. When the cones are 
dry and fully open they are of a reddish brown color and the two 
large outer cone scales are spread wide apart. Most of the cones 
fall from the trees during the succeeding winter, but some always 
adhere to the branches until the following spring or summer. The 
seeds contain glands with clear red, pungently odorous resin. Seed- 
leaves, two in number, or occasionally three, are usually blunt. or 
_ only slightly pointed, and about 14 inches in length by almost one- 
eighth of an inch in width (Pl. X, a). The succeeding primary leaves 
are sharp-pointed and stand out from the stem (Pl. X, 6). Within one 
or two seasons’ growth the primary leaves are followed by the adult 
form of foliage. 

The wood of incense cedar is sometimes rather wide-ringed, but 
usually it is narrow-ringed and very straight-grained, the heartwood 
varying in color from a pale or dull yellow-brown to a light brown 
tinged with red, the sapwood being a creamy white. It is soft, 
light, a cubic foot of seasoned wood weighing about 25 pounds, — 
and very durable under all kinds of exposure. Its great durability 
renders it extremely valuable for use in the water or in the ground, 
where it may remain sound for from 25 to 30 years or more. Large 
trunks and, to a much less extent, small or medium-sized ones, are 
often riddled by a ‘“‘dry-rot fungus,” as if by the galleries of a wood- 
boring insect. This injury, however, is now known to result from the 
attack of a fungus called Polyporus amarus. They necessarily weaken 
the trunk logs and render much of the wood useless for lumber, but the 
durability of unattacked portions of the wood is in no way impaired. 
Trunks not excessively perforated are frequently used for telephone 
poles, especially in the Pacific slope range of the tree, where, with the - 
exception of redwood and bigtree timber, it is the only lasting wood 
obtainable for this purpose. In general appearance and texture the 
wood of incense cedar is quite similar to that of the western red. 
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cedar (Thuja plicata). It is locally used for several of the same 
purposes for which the latter is employed, such as fence posts, tele- 
phone poles, light-traffic railway ties, shingles and shakes, sash and 
doors, and “‘edge-grain” flooring, and some other interior finishing 
material. Its soft, brittle texture and the ease with which it “chips” 
has also recently brought this wood into use for cheap grades of 
lead pencils. 


OCCURRENCE AND HABITS. 


Libocedrus decurrens occurs more commonly, as a rule, on western 
than on eastern mountain slopes. It ascends somewhat higher on 
the western slopes, chiefly because of greater moisture on such 
exposures. The vertical range of incense cedar in the Pacific slope 
region varies from about 3,500 to 7,500 feet, in exceptional instances 
descending as low as 1,500 feet and ascending to about 9,000 feet 
elevation. In its dry range within the Rocky Mountain region it is 
confined mainly to canyons, guliches, and cool north slopes, at an 
altitude of about 7,000 feet (Map No. 7). Incense cedar is adapted 
to a variety of soils, but grows best in cool, moist, gravelly, porous 
soils. It occurs also in rather dry soils (warm exposures), yet 
probably only because it can endure them. With deficient. soil 
moisture, fairly deep, porous soils are essential, while with sufficient 
moisture the quantity and quality of soil is less important. 

Tn the Pacific slope region incense cedar occurs variously in mixture 
(but more or less subordinate), scattered singly, or in groups and 
patches, mainly with western yellow pine, Jeffrey pine, Douglas fir, 
white fir, red fir, California black oak, and sometimes with bigtree. 
Under the best conditions for growth in this region it occasionally 
forms from 25 to 50 per cent of the stand, particularly within the 
range of western yellow pine and sugar pine. But in its limited range 
in the Rocky Mountain region incense cedar forms only a very small 
percentage of the stand and occurs mostly with western yellow pine. 

Incense cedar is moderately tolerant, enduring more shade than 
western yellow pine, western white pine, and Douglas fir, and is 
usually intermediate or subordinate in mature stands because of its 
slower growth and greater tolerance. It is adapted both to moderate 
shade and full light, but requires less light in youth than in later life 
and tolerates most shade under conditions favorable to good growth. 
Its tolerance varies, however, not only with age, but also with 
atmospheric and soil moisture, character of soil, and climate. Rapid- 
ity of growth and size attained in later life are checked ordinarily 
n proportion to the intensity of shade to be endured. 

Incense cedar is a prolific seeder every two or three years under 
favorable conditions of growth, some seed, however, being borne 
locally about every year. Thrifty, mature trees standing in full 
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sunlight produce the largest amount of seed. Even small scrubby 
trees in open places usually bear relatively large crops of seed. The 
seed has a comparatively low rate of germination (15 to 45 per cent) 
and fairly persistent vitality. Because of their large light wings 
the seeds are widely distributed by wind. Germination of the seed 
and growth of seedlings are best in moist vegetable mold, but excel- 
lent also on moist mineral soil. Partial shade is favorable to early 
growth of seedlings because soil moisture is conserved under such 
conditions. Lack of sufficient soil moisture during the critical early 
period of growth often results in the death of large numbers of seed- 
lings. Good reproduction. occurs under the partial shade of old 
trees, but it is particularly abundant in open places in thin stands, 
where dense thickets of young incense cedar frequently exclude other 
seedling trees. In cool moist places, however, white fir may enter 
such thickets and later become predominant. Incense cedar is often 
the first conifer to establish itself at the lower edge of its vertical 
range in chaparral and oak growth, proving its great adaptation to 
different degrees of light, moisture, and character of soil, as well as 
its general hardiness during seedling stages of growth. 


LONGEVITY. 


Much is yet to be learned regarding the age limits of this tree. 
So far as is now known, it is long-lived, but the ages of very large 
trunks have not been determined, chiefly because the centers of old 
trees are often so completely destroyed by fungi as to prevent count- 
ing the earlier growth rings. Narrow-ringed trees from 24 to 36 
inches in diameter are from 360 to 546 years old. One wide-ringed 
tree examined by the author was 42 inches in diameter and only 
115 years old, showing exceptionally rapid growth. The largest trees 
are probably from 600 to 800 years old, or possibly one or two hun- 
dred years older. 


GENERIC CHARACTERISTICS OF ARBORVITAS. 


The trees belonging to the group which is technically called Thuja 
are commonly known as ‘‘cedars”’ or arborvite.“ They are medium 
to very large-sized evergreen trees. The adult form of foliage con- 
sists of minute, overlapping, scalelike leaves, arranged as in Libo- 
cedrus, and conspicuously flattened on the short side branchlets, 
which are arranged in one plane, thus forming flat sprays (Pl. XI, 
XII). The back of the leaf is marked with a tiny gland or small pit- 
like depression. Seedling leaves are narrowly lance-shaped and 
sharp-pointed, and spread widely from the stem (Pl. XI, 6). 


44 Nurserymen and many writers treating of coniferous trees from the standpoint of horticulture appear 
to favor calling species of the genus Thuja arborvites. A number of botanical writers also favor this. 
Lumbermen, woodsmen, and others concerned with the use of the wood of these trees, however, uniformly 
or with few exceptions, designate them as cedars. : 
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The male and female flowers are borne on the same tree, but each 
sort is usually on different twigs. They are minute, inconspicuous, 
elongated bodies, especially the female flowers, borne at the ends of 
the twigs and opening, as a rule, in early spring. 

The small solitary cones (Pl. XI) mature in one season, shedding 
their minute, very narrowly winged seeds in early autumn (Pl. XI, a). 
The cones, strongly bent back upon the branchlets, are composed of 
about 8 thin scales, which are arranged in pairs, each pair set at right 
angles with the preceding one, just as in the arrangement of the 
leaves. The two or three middle pairs of scales, which are larger 
than the others, each bear two seeds. The thin, gauzy seed wings, 
attached on two sides of the seed, and always of a lighter color than 
the body of the seeds, render the seeds very buoyant, so that they are 
carried by the wind for long distances from the parent trees. Minute 
resin cells in the seed coats give the seed a strong aromatic or cedar- 
like odor similar to that of the wood. 

The wood of the Thujas is very light, soft, and has a characteristic 
aromatic or cedarlike odor. It is exceedingly valuable for timber, 
particularly on account of its durability under all kinds of exposure, 
and especially in earth and water. 

Two species of this group are indigenous to the United States and 
Canada. One, a small or medium-sized tree, inhabits our northeast- 
ern States and adjacent Canadian Provinces; the other, a very large 
tree, grows in northwestern United States and northward in the 
Pacific coast region to Alaska. 

Trees of this genus are of ancient origin, representatives of them 
having existed throughout the northern hemisphere during the upper 
Cretaceous and Kocene periods of the earth’s history. Remains of 
them are found abundantly in the Baltic amber (Oligocene) and in 
the Miocene of Europe and North America. Geologic remains of our 
northeastern white cedar, Thuja occidentalis, occur in the Pleisto- 
cene formation of Canada, Ohio, and Virginia.” 


WESTERN RED CEDAR; “RED CEDAR.” 
Thuja plicata D. Don. 
COMMON NAME AND EARLY HISTORY. 
Like the incense cedar, the western red cedar occurs chiefly in the 
Pacific coast region, its range in the Rocky Mountain region being 


confined to Montana and Idaho and adjacent Canadian territory 
(Map No. 8). 


Lumbermen and other woodsmen of the Northwest call it ‘‘red 
cedar,’ or simply ‘‘cedar,”’ while for the most part nurserymen know 


45 Fide Dr. Edward W. Barry, paleontologist, Johns Hopkins University, Baltimore, Md. 
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it as ‘‘giant arborvite.’’** Northwestern woodsmen also call it 
‘“canoe cedar,’’ because the Indians use the easily worked big trunks 
for canoes. The name ‘‘red cedar”’ is fairly applicable to the dull, 
slightly reddish brown wood, but use of the name for Thuja plicata 
would at once confuse this species with the eastern red cedar 
(Juniperus virginiana), which has really red wood, and was dis- 
covered nearly a century before the western cedar became known to 
science. It seems best, however, to adopt the common name western 
red cedar for Thuja plicata in order to avoid confusion that would 
result from applying the name “‘red cedar” to two different trees. 

Western red cedar was first discovered by Luis Née on Nootka 
Sound some time during the years 1789 to 1794,*’ in which Née served 
as one of the botanists who accompanied the Spanish explorer 
Malaspina in his voyage around the world. ‘Two years later (1796), 
Archibald Manzies found it on Vancouver Island while he was serving 
as surgeon to Capt. Vancouver on the latter’s voyage to the North- 
west coast. It was probably later introduced from this region into 
European gardens, where it appears to have been cultivated long 
before it became known to botanists. 

The first technical name applied to the western red cedar is ‘‘Thuya 
plicata” of D. Don, who properly published it in 1811, although in 
1807 James Donn published the bare name Thuya plicata (without a 
description), and attached it to Née’s original specimen of this cedar. 
Thuja‘ plicata is, therefore, the technical name by which western 
red cedar should now be known. Western red cedar was, however, 
long and exclusively known to botanists as “‘Thuya gigantea Nut- 
tall,” a name which was established in 1834, 23 years after ‘‘Thuya 
plicata”’ was published. The latter name was not restored to use at 
an earlier date chiefly because the plants cultivated as ‘‘Thuya 
plicata” in European gardens were believed to represent more nearly 
forms of our northeastern white cedar (7. occidentalis) than of the 
western red cedar. 

Just when Thuja plicata was first discovered in the Rocky Moun- 
tain region is unknown. Probably, however, it was in about 1832 or 
1833, and doubtless Nathaniel Jarvis Wyeth was the first American 
collector to secure botanical specimens of the tree in that region. 
Thomas Nuttall,’ who described Wyeth’s specimens, informs us that 
Wyeth’s collection of plants, including western red cedar, was ob- - 
tained ‘‘chiefly in the valleys of the Rocky Mountains or Northern - 


46 A common name coined from the technical name Thuja gigantea, formerly applied to this species but 
now replaced by T. plicata, the oldest name for the tree. ; 

47M. T. Masters, in Gard. Chron. X XI, 3d Series, 101, 214, 1897, the specimen collected by Née being 
preserved in the Natural History Museum at South Kensington, Eneland. 

48 Linneeus’ later spelling, Thuja (Hort. Cliff. and Spec. Plantarum, 1737, 1753), is here maintaimed in 
place of the first spelling, Thuya. 

49 Journal of the Academy of Natural Sciences, VII, part 1, 5, 1834. 
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Andes, toward the sources of the Columbia River.’’ A little further 
on in his paper (1. c.) Nuttall says ‘‘This collection was made wholly 
on the returning route of Mr. Wyeth from the falls of the Columbia to 
the first navigable waters of the Missouri.’’*° 

About a dozen named horticultural varieties of western red cedar 
have originated in European gardens, and all are distinguished by the 
color of the foliage, habit of the branches, and form of the crown. 
Five of these are fairly distinct as garden forms in the shape of the 
crown, habit of the branches, and coloration of the foliage. Thuja 
plicata gracillima (Beissner) Sudw. is distinguished by its small deli- 
cate branches. When grown in rich, moist soil this form produces 
the stouter branches, showing a tendency to revert to the normal type. 
T. plicata compacta (Carr.) Beissner has a compact fastigiate crown 
of thin delicate branches. T. plicata penduliformis Sudw. has long, 
slender, drooping branches and twigs, similar in general appearance 
to the weeping willow. T. plicata atrovirens (Gord.) Sudw. is dis- 
tinguished by exceptionally dark-green brilliant foliage. T. plicata 
variegata Carr. has golden-yellow mottled foliage, while a similar 
form, T. plicata albo-maculata (Hort. ex Beissner), has white- 
mottled foliage. 


DISTINGUISHING CHARACTERISTICS. 


Perhaps the most prominent characteristic of western red cedar is 
its decidedly conical trunk form, which, in the case of very old trees, 
includes an enormously developed base (‘‘swell-butted’’), the latter 
being conspicuously infolded or fluted for from 10 to 20 feet above 
the ground. The thicker layers of wood formed on these ridges 
appear to be made at the expense of the thinner layers of wood in the 
intervening hollows, the different rates of growth thus resulting in a 
fluted trunk. The fluted appearance is less pronounced in the case 
of small trees. Height and diameter growth varies greatly from the 


50 According to Elwes and Henry (1. c.), W. Lobb introduced Thuja plicata into cultivation in England 
in 1853, the trees raised in Veitch’s nursery at Exeter having been distributed under the name “Thuja 
Iobbi.”” These authors state that the largest trees now growing in England were raised from seed planted 
in about 1860, and were, in 1906, approximately 95 feet in height and 34 feet in diameter. Many treesin 
_ various parts of Great Britain now over 60 or 70 feet high were grown from seed within 50 years. Theabove 

authors state that Thuja plicata flourishes alsoin Wales, Scotland, and Ireland. where there are a number 
oftreesfrom 60 to 70feet high and from 2 to nearly 3 feetin diameter. Theexcellent timber and ornamental 
form of this tree andits rapid growth have madeit a favorite in Great Britain, where small forest plantations 
of it already have been set out. 

As nearly as can be ascertained, Thuja plicata was first grown in Germany in about 1878. Few of the 
trees raised, however, survived seriousinjury from late frosts and the fungous disease known as Pestalozzia 
funerea, this disease killing many of the trees after they had reached anage of10 years. Intheearly nineties 
the German Government imported considerable quantities of the seed of this species to test further the tree’s 
value for forest planting in Germany. The tree was also extensively tested in Austria. Little is known 
now of the exact results of all of these trials, except that late frosts and the above-mentioned fungous disease 
greatly hindered the growth of the trees. 

Thuja plicata has been sparingly planted for ornament in our northern and middle Atlantic States. 
Prof. C. S. Sargent (Silva, X, 130, 1896) says it endures the winters of eastern Massachusetts. Seedlings 
raised from seed sown in the spring of 1916 at Letchworth Park Forest and Arboretum, Wyoming County, 
N. Y., have survived the winter of that year and probably wil] prove hardy in that locality, although at least 

_ several years’ trial are necessary to establish this as a fact. 
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largest development, which is attained chiefly in the Pacific region, to 
medium or small-sized trees produced in the Rocky Mountain region; 
while at high elevations in both regions trees are often only a few feet 
high. Large trees are from 150 to 175 feet in height, or very excep- 
tionally from 190 to 200 feet, with diameters of from 5 to 8 feet, or, 
in the case of very old trees, sometimes from 10 to 18 feet through. 
Small and medium-sized trees range from 60 to 120 feet in height and 
from 2 to 4 feet in diameter. The enormous girth of the largest trees 
is at the base; their diameter decreases so rapidly that at 20 feet from 
the ground they may be no more than 9 or 10 feet in diameter. In 
such trees, from 60 to 100 feet of clear trunk is common, while the 
clear trunk of smaller trees is from 10 to 50 feet. It is only in densely 
crowded stands that trees have long, clear trunks, and even then they 
often have scattered branches below the main crown. The boles of 
young trees are fairly straight, but large trees are frequently bowed 
or slightly bent and are rarely perfectly cylindrical. 

Young trees have narrow, open, conical crowns reaching almost 
to the ground and tapering to a sharp top, the slender whiplike 
leader usually nodding in a graceful curve. Old trees in dense 
stands have only a short, blunt, or round-topped conical head. A 
notable characteristic of western red cedar is the frequent produc- 
tion of two leaders, which combine in forming a dense crown. Except 
when growing in very dense stands, trees retain practically all their 
branches until they are 18 or 20 inches in diameter and from 50 to 
80 feet high, while trees growing in the open become much larger 
before they lose their lower branches. On young trees the slender 
branches all curve upward, but later as the limbs become very long, 
the lower ones droop and those higher swing down in a long, graceful 
curve, with an upward sweep at the ends. The flat, lacelike, yellow- 
green side sprays hang from the branches like lines of fringe. 

The bark of western red cedar is thin, even that of old trunks— 
being only from five-eights to seven-eights of an inch thick. Because 
of its thin bark this tree rarely escapes being fatally injured by 
fire. Freshly broken bark is of a clear, reddish, cinnamon-brown 
color, but externally it is often weathered to various shades of 
grayish brown, depending upon exposure to the light. The bark is 
distinctly but shallowly seamed, the narrow ridges being flat on young 
trees and rounded on old trunks. The main ridges run irregularly 
but continuously, with rare breaks, and are connected at short inter- 


51 Under date of February 12, 1909, a letterfrom Mr. F. H. Conant, of Auburn, Wash., gives the diameter 
of a western red cedar cut in sec. 8, T. 23 N., R. 9 E., west slope of the Cascade Mountains, King County, 
Wash., as 18feet 4 inches at a point 12feet above the ground. The height of this tree could not be accurately 
measured because the top was dead and had been broken off. Mr. Conant mentions another tree about — 
thesame size standing near thetreecut. A decay atthe center ofthe treecut was6feetindiameter. Allow- 
ing sufficient time for the tree to have attained 6 feet in diameter, the writer found that by counting the an- 
nual layers of growth in the sound wood this cedar must have been approximately 2,265 years old when it 
was cut. ; 
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a, Seeds and their wings;- 6b, seedling 2 months old. 
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vals by thinner diagonal ridges and fibers. In texture and appear- 
unce the bark is more or less stringy and fibrous, so that in the case 
yf young trees it may be separable into long, thin strips, while in 
the case of old trees the bark is separable only into shorter scales. 
The inner bark is very tough and strong, particularly that of young 
rees, from which Indians peel strips of bark 20 or 30 feet long for 
pasket making. 

The small scalelike leaves (Pls. XI, XII), the arrangement of which 
s described under the ‘‘Generic Characteristics of Arborvites,”’ 
‘emain on the trees about 3 years. Leaves of vigorous leading 
shoots usually have a tiny gland on the back side, while the leaves of 
che more slowly grown lateral twigs are marked on the back by a 
small pitlike depression. As the main stems of a branch grow, 
heir short, flat, side branchlets die and fall during their second 
year, as is the case also with similar sprays of Libocedrus. The 
eathery-brown cones (Pl. XI), which mature by the end of August, 
nave about 6 seed-bearing scales, each of these producing from 2 to 
3 seeds. After shedding their light double-winged seeds (Pl. XI, a) 
the cones remain on the trees until the following spring or summer. 
The seed-leaves, 2 in number, are opposite, lance-shaped, and about 
one-fourth of an inch long (Pl. XI, b—lowermost pair). The primary 
leaves, those that succeed the seed-leaves, are similar to the latter 
in form, and like them also they are widely spread and more or less 
bent downward. The still shorter, spreading, sharp-pointed, scale- 
ike leaves produced next are somewhat similar in form to those on 
adult trees, and appear at the end of the first or second year’s 
srowth. Leaves produced a year or two later are like those of adult 
trees. 

The wood of western red cedar is very soft and brittle, and has a 
strongly aromatic odor. It is the lightest in weight of all the 
coniferous woods in the Rocky Mountain region, a cubic foot of 
seasoned wood weighing only about 234 pounds. When freshly cut, 
the thin layer of sapwood is whitish and the heartwood is a dull, 
slightly reddish brown, this tinge bemg lost by gradual exposure 
to the light, and replaced by a yellowish brown. The annual layers 
of growth vary in thickness from moderately wide to narrow. The 
straight grain of this wood renders it easy to split and its soft texture 
makes it one of the easiest to work. Great durability under all 
sorts of exposure is one of its most important commercial qualities. 
Large logs have lain half buried in wet ground for over 50 years 
with but little decay of the heartwood. On account of its durability 
and the large’ clear cuts obtainable, western red cedar is very exten- 
sively used for shingles, as well as for other commercial purposes 
requiring large dimension pieces. It is also much used in combina- 
tion with Douglas fir in the manufacture of doors. Young timber 
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supplies large quantities of telegraph and telephone poles, as well as 
light-trafiic railway ties and posts. 


OCCURRENCE AND HABITS. 


Western red cedar is confined almost entirely to regions of abun- 
dant precipitation and atmospheric humidity, and chiefly also to 
wet or constantly moist situations (Map No. 8). Occasionally, 
however, it occurs on moderately dry slopes and warm exposures, 
but here it is always stunted. In the Rocky Mountain region 
western red cedar occurs mainly at elevations between about 2,000 
and 7,000 feet, the largest and best-formed trees occurring below 
5,000 feet, mostly small trees or shrublike forms being found above 
this level. Only shrubby growths occur in the highest places. The 
tree generally grows on moist flats, river bottoms, benches, gentle 
slopes, in and about swamps and wet, springy places, and in cool, 
moist gulches and ravines. Abundant soil moisture is on the whole 
more important than quantity or quality of soil; both are, however, 
essential for the best growth. Western red cedar forms dense pure 
stands of only limited extent, the formation of small pure patches 
and groups being especially characteristic. These growths are 
usually interspersed or otherwise mingled with western hemlock, 
Douglas fir, lowland white fir, western white pine, western larch, 
lodgepole pine, Engelmann spruce, and western yew. Its most 
frequent associates are lowland white fir and Engelmann spruce. 

Western red cedar is in general very tolerant of shade. This 
quality varies, however, with age, altitude, latitude, amounts of 
soil and atmospheric moisture, and climatic conditions. The tree 
grows well in dense shade during seedling and early pole stages of 
life, and may even reach maturity and old age under constant shade; 
but rapidity and fullness of growth are retarded in proportion to 
the density of shade; for although a high degree of shade is tolerated 
without retarding growth during early life, it is not required in middle 
and later life. Tolerance is greatest under the best conditions for 
growth and toward the lower limits of the tree’s vertical range. 
Here it maintains a dense crown cover throughout hfe and com- 
monly forms an understory, alone or with lowland white fir, western 
white pine, and other species. The density of pure (limited) stands 
of seedlings and later young growths is so great as to exclude all 
intolerant, and often some tolerant, associates. Compared in 
tolerance with other conifers of its range, western red cedar ranks 
with Tsuga mertensiana, Chamecyparis nootkatensis, Picea engel- 
mann, ond Taxus aca niolen . 

Thuja plicata is a prolific seeder, specially heavy Ea production 
occurring at intervals of two or aioe years. The seed has a rather 
high rate of germination but only transient vitality. It falls from 
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he ripe open cones quickly and is easily disseminated by wind, 
isually germinating the autumn it is shed, and the seedlings estab- 
ishing themselves before winter. Germination is abundant and best 
n moist duff, litter, moss, decayed logs, stumps, etc., both in the 
ypen and in the densest shade, where seedlings hold their ground with 
emarkable power. The tree does not reproduce itself readily 
vhere frequent fires have destroyed the ground cover or forest 
over to such an extent that soil moisture is materially reduced. 
Jonsiderable quantities of the seed are eaten by squirrels. 


LONGEVITY. 


Western red cedar is a slow-growing tree and the extreme age 
ttained is at present imperfectly known, chiefly because the centers 
f the largest trees cut are usually decayed, thus preventing an 
ccurate count of the annual rings of growth. It may, however, 
e regarded as very long-lived. ‘Trees 24 to 40 inches in diameter 
re from 200 to 510 years old. Some of the largest trees are un- 
uestionably from 800 to 1,000 years old.” 


FAMILY RELATIONSHIPS OF YEW TREES.” 


The trees and shrubs which belong to the family Taxacez (yews 
r yewlike trees) differ fundamentally from the true cone bearers, 
‘oniferee, in producing male flowers on one tree and female flowers 
n another, flowers of both kinds very rarely occurring on different 
arts of the same tree. The conifers usually bear male and female 
owers on the same tree, each sort being on different branches or 
arts of them.™ 

The leaves of Taxaceous plants are evergreen, flat, narrowly 
unce-shaped, and appear to grow (in our native species) in spreading 
nes on two opposite sides of the branches (Pl. XIII). The fruits 
iffer from those of conifers in being almost or entirely enveloped 
1 a pulpy covering. In the case of the yews of this group it is a 
mall, berrylike, bright-colored cup (Pl. XIII, a), the hard seed 
eing embedded in a juicy, sticky outer pulp. 

In the case of other members of the family the covering of the fruit 
; firm, practically complete, and similar in appearance to an olive.® 


52 See footnote No. 51, p. 36. 

53The class relationship of the yew trees is briefly discussed in Forest Service Bulletin No. 207, The 
ypress and Juniper Trees of the Rocky Mountain Region, p. 3, 1915. 

54There are, therefore, fewer seed-bearing individuals among the yews and their allies than among 
me-bearers, since only trees bearing female flowers produce seed. Hence, in thinning a stand of Taxa- 
ous timber both male and female trees should be preserved as near to each other as possible if reseeding 
expected to take place, for pollen of the male flowers is carried to the female flowers only by the wind. 
male trees are distant more than 25 or 30 yards from the female tree, only the strongest wind, blowing 
_ the right time, will effect fertilization. 

6 See fig. 75, Forest Trees of the Pacific Slope, p. 192, 1908. 
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GENERIC CHARACTERISTICS OF YEW TREES. 


The yews belong to a generic group technically known as Taxus. 
They comprise both trees and shrubs, and while as a group they are 
very distinct from other Gymnosperms, they are not strikingly 
distinct as species. For example, there is great similarity in the 
appearance, structure, and qualities of the wood of different species, 
and also in the general appearance and form of their foliage and 
fruit. The characteristics mainly relied upon to distinguish the 
different species are the shape of the plant, habit of growth, and 
some minor differences in the form and color of the leaves. The 
arborescent representatives of this group are world-renowned trees, 
The wood of one species of yew tree inhabiting Europe, Asia, and 
Africa was long used by ancient tribes for bows, which were the 
most important implements of war. In modern archery the wood 
of this yew tree still holds the highest rank among bow woods. 

The yews are evergreen plants, their leaves remaining on the 
twigs for many years. In form the leaves are flat, narrowly lance- 
shaped, and sharp-pointed. They are arranged somewhat spirally 
on the branches, but by a twist at their bases they usually appear 
‘to grow in two lines, on opposite sides of the twigs® (Pl. XIII). 

The male and female flowers of the yews are borne on different 
trees (exceptionally, flowers of both sexes sometimes occur on 
different branches of the same tree). Male or pollen-bearing flowers 
are small, yellowish, budlike bodies produced singly and rather 
abundantly on the under sides of the branches, while the much less 
numerous female flowers, small greenish bodies, occur similarly on 
‘the branches. The latter develop into fruits (Pl. XIII, a), which 
ripen in one season and usually fall to the ground shortly after 
maturity. The ripe fruit * is a thin-skinned berrylike body, with a_ 
bright coral-red, sweetish, mucilaginous pulp, in which a single hard. 
seed appears to be embedded nearly to its point. The seed-leaves 
are regularly two in number. 

The purple or brown bark of yews is very thin. The exceedingly 
narrow-ringed, dense wood varies in color from a clear rose-red to 
56 The main vigorous shoots of the compact columnar forms of the European yew tree produce leaves 
with a spiral arrangement, but the ordinary form of this tree bears leaves apparently in two lines. 

57 The seed and leaves of the common European yew tree ( Taxus baccata Linn.) are known to be deadly 
poison to human beings and animals when eaten. It is believed that the poison resides in the seed and 
also in the leaves, from both of which W. Marme obtained by chemical analysis a white, crystalline, 
poisonous powder named “‘taxine.’? Symptoms of poisoning from this plant are semiunconsciousness, 
cold clammy skin, convulsions, difficult. breathing, dilated pupils, and attempted vomiting. (U.S. Dis- 
pensatory, sixteenthand nineteentheditions.) Whilenothing appears to be known concerning the effect of 
eating the fruit and foliage of our native yews, the very close relationship of these to the European yew tree 
would indicate that the seed and foliage of our yew trees are similarly poisonous and should, therefore, 
be avoided. The sweetish pulp of yew fruits is not poisonous, for the mountaineers of SER AaweSione 
India are said to eat this part of the fruit of Taxus baccata, while cattle of the region are said to eat the 


foliage and twigs of this plant without injury. It is probable, however, that most browsing animals 
rarely eat enough of the foliage to get the deadly effect. (Fide Brandis, For. Fl, Brit. Ind. 541.) 
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dark reddish brown. It is extremely durable under all kinds of 
exposure and has remarkable elasticity. 

The yew trees are of small or medium size, but they live to a great 
age, specimens of the common European yew tree being said to have 
attained an age of from 2,000 to 3,000 years. -A marked character- 
istic’ of the yews is their ability to reproduce themselves by perma- 
nent sprouts from cut stumps, and to grow also from cuttings. 

Seven different species of yew are now known,* two of these occur- 
ring in Europe, Africa, Asia, and Japan, and four-species in North 
America. Three of the North American yews inhabit the United 
States and adjacent portions of Canada, while so far as is now known, 
a fourth is confined to Mexico. One of our species, a small tree, is 
confined to Florida; another is a shrub growing in our northeastern 
States and in adjacent Canadian Provinces; while the fourth species, 
a small or medium size tree, inhabits our Pacific and northern Rocky 
Mountain forests, extending northward into adjacent Canadian 
territory (Map No. 9). 

The yews are of very ancient origin. Fruits of Taxus have been 
found in the European Oligocene, while remains of the European 
yew tree (Zazrus baccata L.) have been discovered in the late Miocene 
of Europe and are also common throughout the Pliocene and Pleis- 
tocene of that region. Remains of a shrubby species now living 
and known as Taxus canadensis Marsh. have been found in the 
Pleistocene of Manitoba, Ontario, Nova Scotia, Iowa, and Iinois.* 


WESTERN YEW. 
Taxus brevifolia Nuttall. 


COMMON NAME AND EARLY HISTORY. 


Taxus brevifolia is little known as a distinct species except to 
botanists and foresters. Woodsmen within its natural range are 
familiar with it, but they call it simply ‘“‘yew.’”’ The common name 
western yew, suggested here, is desirable because it serves to avoid 
confusion of this tree with the two other yews that occur in the United 
States. 

The earliest record we have of the discovery of western yew is by 
the Scotch explorer David Douglas, who found it in 1825 on the lower 
Columbia River, Oreg. William Jackson Hooker, an English botan- 
ist, published the first account of it in 1839, but he treated it as a form 
only of the European yew, Taxus baccata Linneus, which became 
known to botanists in 1753. It remained for Thomas Nuttall to 


58 Elwes and Henry (The Trees of Great Britain and Ireland, I, 100, 101, 1906) have reduced six of these 
to varietal rank under Taxus baccata. 
59 Fide Dr. Edward W. Berry, paleontologist Johns Hopkins University, Baltimore, Md. 
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distinguish and to give this northwestern tree its present technical 
name, Taxus brevifolia, which was published in 1849.° 


DISTINGUISHING CHARACTERISTICS. 


The western yew is a small tree from 20 to 30 feet in height and 
from 6 to 12 inches in diameter, occasionally attaining a height of 
from 40 to 75 feet and a diameter of from 18 to 30 inches. The 
largest trees occur in the Pacific slope region. As found in the 
Rocky Mountain region, western yew rarely equals 25 feet in height, 
and frequently it is only a shrub. The trunks are straight and 
conical, but conspicuously ridged and fluted as if by an infolding of 
the surface. Diameter growth is often very eccentric (larger on 
one side of the pith than on the other). Except in the case of large 
old trees, the crown has an open conical form and extends nearly 
or quite to the ground, the slender branches standing out straight 
and often drooping somewhat, while from their sides and extremities 
very slender branchlets hang down, giving the tree a weeping appear- 
ance. This latter habit is strongly marked in trees growing partly 
or wholly in the open, because here the densely leafy branchlets are 
very much more numerous than on trees growing in deep shade. 
The crowns of old trees are usually rounded and often unsymmetrical. 

The purplish bark is conspicuously thin, rarely over one-fourth 
of an inch thick, and composed of thin, paperlike, easily detached 
scales, beneath which the newer unexposed bark is a clear rose-red 
or purple-red. 

The deep yellow-green leaves (Pl. XIII), from one-half to three 
fourths of an inch long, are soft to the touch, and much paler on their 
under sides than on the upper; their yellowish slender stems are 
about one-sixteenth of an inch long. Leaves produced each year 
remain on the trees in a green and functional condition for about five 
years; occasionally, a few green leaves from’6 to 9 years old are found 
here and there on branches. 

The bright coral-red fruit (Pl. XIII, a) is ripe in September and 
begins to fall during October. Birds en eat the fruit for its sweetish 
mucillaginous covering, but the hard-shelled seeds are unaffected by 
digestion. The attractiveness of the fruit to birds serves, therefore, 
as an important means of disseminating the seed, which otherwise 
would not be carried far from the parent trees. The short, flat, 


60 According to Veitch (Man. of Coniferee, ed. 1, p. 305, 1881) Taxus brevifolia was first introduced into 
cultivation in European gardens in 1854 by Veitch & Sons through their collector, William Lobb. But 
in the “New and Greatly Enlarged Edition” of Veitch’s Manual of Coniferze (p. 143, 1900) the statement 
is made that Taxus brevifolia was introduced into British gardens in 1854 by William Murray. To what 
extent this yew has been planted in European gardens and how well it has succeeded there appears to be 
imperfectly known. Veitch (1. c.) says the tree is still exceedingly rare in British gardens. Elwes and 
Henry (The Trees of Great Britain and Ireland, I, 108, 1906) state that they know of no specimens of large 
size in England. 
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pointed seed-leaves are two in number. Nothing can be said now 
regarding the subsequent early growth and characteristics of seed- 
lings, which have not been fully studied. 

Taxus brevifolia produces extremely narrow-ringed, clear, rose- 
red heartwood, which, with exposure to the light, gradually becomes 
a duller red, the thin layer of sapwood being a very pale yellow when 
freshly cut. The wood is dense, rather heavy, and when thoroughly 
dry a cubic foot of it weighs nearly 40 pounds. Thoroughly sea- 
soned wood of this yew is remarkably durable, even in an unpro- 
tected state, when used in contact with earth or in water. Owing 
to the scarcity of the trees, however, the wood is of little commercial 
importance. Great durability and elasticity render it useful mainly 
for such articles as canoe paddles and bows; and its attractive color 
makes it suitable, also, for small cabinet work. As a forest tree, it is 
only of very secondary importance, both because of its rarity and the 
fact that larger and more generally useful timber trees grow abun- 
dantly in the same range. On account of its remarkable tolerance 
of dense shade it can, however, assist in forming low protective cover 
in moist coves and canyons and at the heads of mountain streams. 


OCCURRENCE AND HABITS. 


Taxus brevifolia grows near the margins of low mountain streams, 
on moist flats and benches, in deep ravines and coves in rich rocky 
or gravelly soils, or sometimes in rather dry soils of slopes and ridges. 
Its altitudinal range is from about 2,000 to 8,000 feet. Tree forms 
of it occur chiefly below 5,000 feet, while shrubby forms are found 
mostly above this 2 eration (Map No. 9). 

Western yew occurs only in small groups or scattered singly, 
mainly as an undergrowth, with western white pine, lowland white 
fir, western larch, Engelmann spruce, lodgepole pine, and western 
red cedar. It is a frequent, and often the only, undergrowth with 
the western red cedar. In its Pacific slope range western yew is 
often associated also with Chamecyparis nootkatensis and occasion- 
ally at high elevations with Pinus albicaulis. 

Like all of the other representatives of this group, the western yew 
is exceedingly tolerant of shade throughout its life. However, when 
growing under dense shade, it maintains a comparatively open 
crown with rather thin foliage, partial shade or full light producing 
a much more densely branched crown and fuller foliage. The con- 
trast between trees grown in dense shade and those grown in full 
enjoyment of sunlight is very striking. 

Western yew is a fairly prolific seeder, but at rather irregular 
intervals. The vitality of the seeds is persistent, and the percentage 
of germination is moderately high, being from 50 to 60 per cent. 
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Seedlings occur, however, only occasionally, and most frequently in 
deep shade on wet moss and decaying wood. The generally scattered 
occurrence of this species and the fact also that only female trees bear 
fruit, which is much eaten by birds, doubtless account for the sparse, 
often rare, occurrence of seedling growth. 


LONGEVITY. 


The extreme age attained by the western yew has not been deter- 
mined. Its growth in height and diameter is very slow, particularly 
under deep shade; but even here the tree maintains itself most per- 
sistently, indicating that it is long-lived. Comparatively few sound 
trees of even moderately large size appear to have been studied. 
Trees 6 inches in diameter are from 75 to 90 years old, while trees 
from 12 to 20 inches in diameter are from 140 to 245 years old. The 
largest specimens are believed to be at least 350 to 375 years old. 
Owing to the fact that the largest trees are so often punky at the 
center it will be difficult to determine satisfactorily the extreme age 
of this yew. 

KEY TO GENERA AND SPECIES. 


Leaves needle-shaped and borne singly: ; 
Bark of the trunk very thin, smooth or loosely scaly and purple. . Taxus brevifolia 
Bark of the trunk rough; thick and furrowed, or thinnish and with firm scales— 

Leaves with distinctly formed delicate stems— 


Cones ? to 14+ inches long; flat leaves in 2 thin lines..-.---. Tsuga heterophylla 

Cones 14 to 3 inches long; rounded leaves not in lines...--- Tsuga mertensiana 
Leaves contracted at the base but without distinctly formed stems— 

Cones bearing conspicuous, 3-pointed bracts.......-.-..-- Pseudotsuga taxifolia 


Leaves in brushlike clusters of from 12 to 40— 
Cones about one-half an inch long and without exserted bracts. .Larix laricina 
Cones 1 to 2 inches long and with exserted bracts— 
Trunk bark thick, from 3 to 6 inches thick and deeply furrowed, 
Larix occidentalis - 
Trunk bark thin, from one-half to three-fourths of an inch thick and slightly 


PUIPHO WEG Ardy eT VN poi ks HN MS A SS) ER Lariz lyallu 
Leaves scalelike, borne in pairs and closely overlapping each other: 
Cones borne near the ends of twigs; seeds winged on two sides. .....-.- Thuja plicata 


Cones borne at the ends of twigs; seeds winged at one end.....- Inbocedrus decurrens 
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GRAIN-DUST EXPLOSIONS: 


NVESTIGATION IN THE EXPERIMENTAL ATTRITION MILL 
AT THE PENNSYLVANIA STATE COLLEGE. * 
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OBJECT AND SCOPE OF THE INVESTIGATION. 


The great loss of life and property resulting from explosions in coal 
nines, flour and feed miils, grain elevators, thrashing separators, etc., 
mphasizes the fact that carbonaceous dusts are very inflammable 
ind that careful laboratory and field investigations should be con- 
lucted in order to devise means for combating this great danger. 
Although Faraday in 1844 suggested that coal dust suspended in air 
vould propagate an explosion, it has been recognized only within the 
yast 30 years that coal dust is explosive without the presence of 
1 combustible gas. And not only coal dust, but many other carbo- 
1aceous dusts are now known to be very inflammable and capable 
yf propagating flames. Some idea of the large amount of attention 
that has been given to the explosibility of dusts can be gained by 
eferring to the bibliography at the end of this bulletin (p. 52) and 
0 that printed in Bureau of Mines Bulletin 20, which deals particu- 
arly with coal-dust explosions. © 


1 The erection of the mill and the conduct of the experiments were under the charge of B. W. Dedrick 
ind R. B. Fehr, of the Department of Mechanical Engineering, assisted by P. X. Rice, R. H. Campbell, 
ind . F. Grundhoeffer, instructors in experimental engineering, and C. L. Charles, student: assistant. 
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In June, 1913, an explosion in a feed-grinding plant in Buffalo, 
N. Y., caused the death of 33 men, injured more than 70 employees, 
and damaged a great deal of grain and property. Shortly afterwards 
the Bureau of Chemistry began its work in connection with dust 
explosions in grain mills, elevators, and industrial plants. During 
the period in which this study has been carried on a large number of 
disastrous dust explosions, in which many lives have been lost, 
large quantities of grain and food products destroyed, and much 
property damaged, have occurred in grain elevators, feed, cereal, and 
flour mills, starch factories, sugar refineries, and other industrial 
plants which handle grain. Several definite causes for these explo- 
sions have. been established, and effective preventive methods have 
been developed and tested. At present the United States Depart- 
ment of Agriculture is conducting a special war-emergency campaign. 
for the prevention of dust explosions and fires. Representatives of 
the department are rendering direct assistance to the millers and 
grain men of the country in installing devices for preventing ex- 
plosions and in showing them how to remedy dangerous conditions. 

The grain-dust explosion work, as conducted by the Eure of 
Chemistry, falls into two Hensel classes: 

(1) Dust explosions which occur in grain mills, elevators, and 
industrial plants during the handling and milling of grains and the 
manufacture of food products. 

(2) Dust explosions which occur in thrashing machines during the 
operations in the harvest fields. 


MILL AND ELEVATOR EXPLOSIONS. 


As soon as possible after the occurrence of an explosion in a mill or 
elevator, the field engineers of the bureau investigate carefully the 
conditions under which the explosion originated and assist the 
company to devise and install some means for preventing any more 
such explosions. During the course of these field investigations it 
has become apparent that one of the causes for a large number of 
dust explosions and fires in the cereal and feed mills, particularly in 
the feed-grinding departments, is the ignition of the dust on the: 
interior of the grinding machine during operation. In many 
instances the evidence indicated that the explosion and fire originated 
within the machine, usually in the attrition type of mill. As they were 
believed to have been caused by sparks from foreign particles or me- 
tallic substances entering with the grain, the bureau emphasized the 
necessity for taking steps to remove these materials from the mull 
stream before it entered the grinding machines.' . 


1 Preliminary Report on the Explosibility of Grain Dusts, Cooperative Investigaticn by Millers Com- 
mittee, Buffalo, N. Y., under the direction of Dr. George A. Hulett, chief chemist, Bureau of Mines, U.S. 
Department of the Intericr, hy David J. Price, engineer in charge, and Harcld H. Brown, assistant 
chemist, Graih-Dust Explosion Investigations, Bureau of Chemistry, U.S. Department of Agriculture 
Copies no longer obtainable. 


GRAIN-DUST EXPLOSIONS. 3 


Early in the investigation it became obvious that experimental work 
was necessary to determine the circumstances under which the ex- 
plosions and fires might originate and to establish definitely the possible 
causes. Because of the equipment available in connection with its 
milling course and its convenient location to Eastern mills, The 
Pennsylvania State College was selected as the best place for an 
experimental mill. This phase of the dust-explosion work was 
accordingly assigned to the experimental department of that insti- 
tution, the experiments being conducted under a cooperative agree- 
ment between the Department of Agriculture and The Pennsylvania 
State College. The materials were furnished by various milling 
companies at the request of the department. This bulletin gives a 
description of the equipment of the mill, the manner in which the 
experiments were carried on, and the results obtained, together with 
an outline of conditions conducive to explosions in grinding machines 
and the effect of various preventive devices. 

Aside from the relation of explosions and fires to grinding processes 
in the milling industry, the phase of the grain-dust explosion problem 
discussed in this bulletin, the department engineers have established 
a number of additional possible causes, among which may be men- 
tioned: The use of open flames, lanterns, gas jets, etc., defective elec- 
trical equipment, frictional electricity produced by friction of pulleys 
and belts, choke-ups and friction in elevator legs, inefficient methods 
of dust remoyal and collection, and the continuance of dust rooms. 

Recent investigations by the bureau have revealed the surprising 
fact that many of the owners and operators of large grain mills and 
elevators are unfamiliar with the circumstances surrounding grain- 
dust explosions, as a result of which dangerous conditions are per- 
mitted to exist. Recently a fire, originating in a dust explosion at 
the top of the elevator leg in one of the large grain elevators in the 
East, destroyed almost 1,000,000 bushels of grain. The present cri- 
sis makes it imperative that all known precautionary methods be 
adopted.. The Department of Agriculture is therefore redoubling 
its efforts, and has arranged to conduct a special emergency cam- 
paign throughout the United States, to the end that grain dealers 
and millers may become familiar with the work already done. The 
field engineers will assist the millers and operators of grain elevators 
in the installation of preventive devices already developed by the 
Bureau of Chemistry. 


THRASHING-MACHINE EXPLOSIONS. 


The second division of the department’s investigations into the 
matter of grain-dust explosions comprises an extensive study of 
thrashing-machine explosions, which has been confined largely to 
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the States of Washington, Idaho, and Oregon. During the past 
season the investigation has been extended to Colorado, Texas and 
other grain-growing sections. 


THE EXPERIMENTAL ATTRITION MILL. 


The investigations conducted with the experimental attrition mill 
were undertaken for (1) the determination of the possible causes of 
explosions, and (2) the testing of various preventive measures that 
have been suggested during the progress of the work. The entire 
scope of the investigation can be seen in the following outline of the 
various phases of the problem that were touched upon: 


— 


. Sparks emitted by foreign substances. 

. Naked flame. 

. Carbon arc in attrition mill. 

Carbon are in dust room. F 
. Explosibility of various grains. 

. Static electricity in attrition mill. 

. Static electricity as cause of explosions. 
. Effect of atmospheric humidity. 

. Effect of moisture content of materials. 
. Revolving dampers or fire traps. 

. Relief valve and pipe. 


Foe OND oe & bo 
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PRINCIPLES UNDERLYING GRAIN-DUST EXPLOSIONS. 


On account of the general lack of knowledge concerning the theory 
of dust explosions it may be advisable to insert at this point a brief 
summary of the chief facts and principles involved. 

It is generally conceded that two main conditions must be present 
in order that a dust may produce an explosion: (1) Fine, dry dust 
must be in a state of suspension in an atmosphere containing the 
proper amount of oxygen. (2) A source of sufficient heat must be 
brought in contact with the dust. 

It should be noted that carbonaceous dusts are not considered 
capable of igniting spontaneously, for an outside source of heat is 
required. The following sources of heat have been listed as the 
probable causes of many of the explosions in milling plants throughout 
the country: ” 

1. Use of open lights, or naked flames, such as lamps, torches, 
gas jets, lanterns, candles, and matches. 

2. Entrance of foreign material in grinding machines. 

3. Electric sparks from motors, fuses, switches, lighting systems. 

4. Static electricity produced by friction of pulleys and belts, 
grinding machines, etc. 

As for the first condition, many factors are involved, such as the | 
chemical composition, moisture content, fineness, atmospheric 
humidity, density or degree of diffusion, and presence of inert gases. 


1U.S. Dept. Agr. Bul. 379. 2 Reference 27, Bibliography. 
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The Bureau of Chemistry is now conducting laboratory investiga- 
tions of these factors, and has obtained data on the relative inflam- 
mabilities of various grain dusts, as well as on the use of inert gases. 
Briefly, the conclusions reached thus far are as follows: 

1. Most of the carbonaceous dusts have a higher degree of inflam- 
mability than Pittsburgh coal dust. 

2, An inert gas mixture containing 12 per cent or less of oxygen 
will prevent a dust explosion from starting or propagating. 

In 1913 R. V. Wheeler,’ chief chemist for the Explosion in Mines 
Committee, England, published the report of his investigations of 
the relative inflammabilities of various dusts. He classified dusts 
as follows: 

- 1. Dusts which ignite and propagate flame readily, the source of heat required for 
ignition being comparatively small, for example, a lighted match. 

2. Dusts which are readily ignited, but which, for the propagation of flame, require 
a source of heat of large size and high temperature, such as an electric arc, or of long 
duration, such as the flame of a Bunsen burner. 

3. Dusts which do not appear to be capable of propagating flame under any condi- 
tions likely to obtain in a factory, because they do not readily form a cloud in air, 


or are contaminated with a large quantity of incombustible matter, or the material 
of which they are composed does not burn rapidly enough. 


Class 1. 
Sugar. Grain (flour mill). 
Starch. Maize, 
Rice mea. and sugar refuse. Grain (grain storage). 
Wood flour. Rape seed. 
Malt. Corn flour. 
Oat husk. Flour (flour mill). 
Class 2. 
Rice milling. Grist milling. 
Castor oil meal. Corn meal. 
Offal grinding (bran). Mustard. 
Class 3. 
Spice milling. Sack cleaning. 
Cotton seed. Rape seed (Russian). 
Cotton seed and soy bean. Grain cleaning. 


Available data show quite conclusively that there is a great simi- 
larity between gas and dust explosions. The following extract 
from an article? by H. H. Brown, of the Bureau os Chemistry, is of 
interest in this connection: 


It will be noted that just as high pressures have been observed in coal-dust explo- 
sions as in gas explosions. However, the extremely high velocities attained by the 
flame in certain gas mixtures have not been reported as observed in dust. explosions. 
Such high velocities could not be expected, for even the finest dust particles are many 
times larger than gas molecules, and so, even in the most dense dust clouds, the 
particles could not be as close together nor as intimately mixed with the oxygen as are 
gas molecules. Therefore, the heat of combustion of one dust particle can not be as 
readily transmitted to the next particle as it can in a mixture of gases. But the finer 
the dust the more nearly will it approach the size of a gas molecule. Therefore, it 


1 References 36 and 37, Bibliography. 2 Reference 26, Bibliography. 3 Reference 36, Bibliography. 
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might be expected that the velocity of the flame through a cloud of very fine dust 
would more nearly approach the velocity attained in gas explosions. As a matter of 
fact, this is true. Taffanel has brought this out in tests made at the French Experi- 
ment Station. Results obtained by the Bureau of Mines lead to the same conclusion. 

The rate at which inflammation travels through a gas mixture is dependent upon 
at least two factors, the inflammability of the gas and the percentage of the gases in 
the mixture. The rate at which inflammation travels through a dust cloud seems to 
be dependent upon two similar factors, namely, the inflammability of the dust and 
the amount of dust in suspension. A third important factor is the fineness of the dust. 

It will be seen, therefore, that gas and dust explosions are similar in many ways, 
and that a gas explosion is only a limited case of a dust explosion. 

A thorough knowledge cf the nature of dust explosions and of the accompanying 
phenomena is necessary in order to devise means for the prevention of such explosions 
and for the stoppage of explosions if by mischance they should start. It is, therefore, 
necessary to know how dust ignites, the various means by which it may be ignited 
or inflamed, and the chemical processes that take place. Another important factor 
to know is the ease with which the dust ignites and propagates a flame. This property 


(a 


we may call the “‘inflammability” of the dust. The term “explosibility” has also 
been applied in this connection... : 


It is important to note that investigations of dust explosions 
indicate that, in general, two reports are héard, the first being sharp 
and quick, and the second of a loud, rumbling nature and accom- 
panied by more flame. It is thought that the first report is due to 
the ignition of a small quantity of fine dust in suspension, and that 
the resulting concussion is sufficient to disturb the dust that has 
settled at places farther away, thus forming an additional explosive 
mixture. The flame from the first explosion furnishes, the:source of 
ignition for this newly formed dust mixture, so that the big explosion 
with its loud roar is propagated throughout the entire dust zone. 


APPARATUS USED IN THE INVESTIGATION. | 


For the purpose of conducting the experiments on grain-dust 
explosions a small, light frame building (15 by 15 by 24 feet), covered 
with galvanized iron, was erected by the Department of Mechanical — 
Engineering, Pennsylvania State College (Pl. I). A small dust room 
was afterwards built at the side of the main structure at the dis- 
charge end of the screw conveyor. The grinding floor is elevated 
about 6 feet above the basement, which is level with the ground. 

A 16-inch attrition mill (Pl. II) was installed on a platform 14 
inches high, with a removable hopper underneath. Two elevators, 
one dump bin, a stock hopper over the mill, and a small bin for 
receiving ground materials were also provided. A screw conveyor 
10 feet long was placed 2 feet below the floor to receive the material 
from the mill, and to carry it to the chop elevator or out into the 
dust room. The attrition mill, screw conveyor, and elevator are 
driven by a 15-horsepower direct-current motor, located in the 
basement. 

The elevator legs and feed bin can be seen on the left of figure 1, 
Plate Il. Immediately over the mill hopper are the spouts extend- 
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ing down from the stock bin and elevator. The removable hopper 
is partially withdrawn from under the mill platform. Above this 
hopper is one of the steel carbon holders entering the wooden door 
which has replaced the iron door of the lower part of the hood. 
In this wooden door is located a peephole, covered with mica, for the 
purpose of observing any sparks or flashes that may occur within 
the hood. On the opposite side of the mill (PI. IT, fig. 2) is a similar 
arrangement of peephole and carbon holder. The rheostat and 
ammeter for regulating the carbon arc, located on the edge of the 
hopper of the floor dump, are shown on the right. On the floor back 
of these instruments can be seen the recently installed relief pipe (R), 
leading from the hopper to the outside of the building, a distance of 
84 feet. | 
Plate III, figure 1, shows the dust room, located at the end of the 
conveyor, and the small door which gives access to the basement of 
the mill building. A small box (4) was built over the open end of the 
conveyor for the purpose of inclosing the carbon arc used in Series 4 
(p. 14.) A relief pipe extends from this box up through the roof, 
and is capped by the hood (F). 

Figure 1 gives a sectional view of the 16-inch attrition mill 
which was used for the tests described in this report. The grinding 


Wie. 1.—Sectional view of ball-bearing attrition mill. 


plates or disks (d, and d,) revolve in opposite directions at about 
2,200 revolutions per minute. The upper part of the hood or casing 
(c) inclosing the grinding disks can be readily removed. H is the 
feeding hopper where the grain is introduced and fed by a ‘‘wabbler,”’ 
which is run by the friction pinion on the shaft (f). Horizontal slides 
within the hopper regulate the amount of feed. The adjustment of 
the fineness of grinding is accomplished by handwheels (1 and 2); 
the latter serving as a locking device. The tension spring (ts) holds 
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the left disk in position, and acts as a safety appliance to allow the 
disks to separate in case hard substances pass through the mill, 
Lis a quick-release lever for operating the spreading device. 

Figure 2 is a diagrammatic view of the removable hopper (h) 
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Fic. 2.—Hlevation-attrition mill and conveyor. 
Single damper. 


under the mill, spout 
(s), single revolving 
damper (installed for 
Series 8 and 9), and 
screw conveyor. The 
by-pass spout with its 
valve and peephole 
(C) was installed for 
the purpose of obsery- 
ing how far the flame 
due to an explosion 
may be propagated 
without the use of a 
“check” valve. B is 
a peephole for obsery- 
ing any flames that 
may pass the damper. 


The construction of the smgle damper can be seen in figure 3, 
which gives the arrangement when two of these single dampers were 


Fic. 3.—Views of double damper. 
I 


placed in series, asin Series 11. As can be seen 


_ the paddles or blades with their rubber ‘“‘wipers, 


are so arranged that there is never a clear path 


in the sectional view, 
” shown in black, 
through the damper. 
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Fic. 1.—DusT Room. 


Fic. 2.—REMOVABLE HOPPER. 
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Fic.1.—DOUBLE DAMPER. 


Fic. 2.—INTERIOR OF BASEMENT. 
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In figure 4, which is a diagrammatic view of the double damper 
and principal parts of the mill equipment, it is seen that the conveyor 
was lowered about 10 inches in order to make room for the double 
damper. Otherwise, the arrangement is practically the same as that 
in figure 2. The relief valve at A was installed with the relief pipe 
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Fic. 4.—BHlevation-attrition mill and conveyor. Double damper. 


as explained in Series 13 (p. 18). The “spout to elevator,” with its 
slide under the screw conveyor, shows how the ground material could 
be “‘recirculated,’’ as stated in several series of tests, by means of the 
elevator and spouts shown in Plate II, figure 1. 

The two dampers were positively connected with each other by 
means of a chain and sprocket wheels (fig. 3) and were so arranged 
that they served as a double check for the flame propagated by explo- 
sion in the attrition mill. Plate IV gives two views of this double 
damper from opposite sides, figure 2 of the plate showing also the 
screw conveyor, peepholes, and spout leading to the boot of the meal 
or chop elevator. 

Plate III, figure 2, shows the removable ‘aarp’ with the sheet- 
iron ning nil swinging relief valve as installed for Series 13. This 
hopper was constructed so as to make a snug fit with the lower part: 
of the hood of the attrition mill. When the hopper is in position 
under the attrition mill, the relief pipe (R) (Pl. LI, fig. 2) can be at- 
tached to the stub spout containing the relief valve. 


50220°—18—Bull. 681——2 
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Plate I shows the puffs of smoke, dust, and charred particles that 
followed a flame issuing from the end (G) of the relief pipe when an 
explosion occurred in the attrition mill (Series 13). 


MATERIALS USED IN THE INVESTIGATION. 


DESIG- 

Ne NAME. DESCRIPTION. 

| 
| 

As tees Fine oat hulls. Jae cee Oat nulls, finely ground in an attrition mill, millstone, or other grinding 
mill. 

BeGaee Elevator dust........- Dust that hassettled on machines, beams, ete., ina grain elevator. Itis 
a highly inflammable dust of a very light and fine texture, and com- 
posed of floating carbonaceous material of grain, outer skins, together 
with foreign dust. 

Cie Oatnnllseaae eee The hulls stripped from oats, as in the preparation of oatmeal. 

Dee | Flour direct from | Tho interior or endosperm of any grain reduced to a very fine powdery 

store. state and free from the branny covering. It is composed mostly of 
starch, and is highly inflammable when in suspension. 

D5 aes Flour (oven dried)....| Flour dricd in an oven at about 150° F. 

ape AS Graham flour....-_--- | This is wheat which is ground but not polted. It contains all of the 
flour, bran, and germy parts. 

He Fee Wheat scourings...---. A flufiy iy and inflammable dust taken from dust collectors which are con- 
nected to the scouring or brush machines. It consists of foreign mate- 
rials, such as dirt, smut, and portions of the light, thin, and loose outer 
skins of the bran. 

Gi aes Conny a2 ae sae ee Shelled corn. ‘ 

i eee Wheatshortss..------ Composed of the finer portions of bran, germ, and some floury material, 
separated from flour, in the process of milling. 

ba: ee Coarse floor sweepings| A coarser mill dust, settling on floor in immediate vicinity of mill. 

Jes eee Fine floor sweepings.-.| The lighterand finer mill dust which settles in the room and outside the 

< immediate vicinity of the attrition mill. 

Tee eee Conveyor mixture.....| A mixture of various materials as obtained from the end of the screw con- 
veyor. 

ics eee No. 2 feed dust.-..---- Consists of very fine particles of bran, fuzz, smut dust, and dirt, taken 
from the dust collector which draws air from the first scourer. 

iS tees No. 1 feed dust-.-....--- A material taken from the dust collector drawing the air through the 
second scourer. It consists almost entirely of the outer layers of the 
bran which have been removed by the scouring action of beaters. 

IN: See Fine oat hull dust... -- This material is very finely ground oat hulls, brought out by the con- 
veyor in the form of dust. 

OPeecre No. 3 elevator dust..-.| Floating dust gathered by hand from the beams and machinery in the 
elevator. 

Par as Barley malt sprouts. - - Gonsists of barley malt sprouts that have been used as mash material and 
then drie 

(OQ) ose Malt sprouts. -..-----. Consists of the radicles grown on the barley during the germinating proc- 
ess, and later broken off and dried. 

Rie Brewers’ dried grain. - This is the residue from a mash tub in a brewery or distillery, and con- 
Bisis/ Of malt, corn, rice, hops, etc., which have been boiled and then 

ried. : 

SieePeen eo niedsenaine =. asecere This corresponds to “‘brewers’ dried grain,” except that the original 
mash consists of corn, barley, malt, and the radicles grown on bariey 


during the germinating process, which are later broken off and dried. 


EXPERIMENTAL WORK. 


The results of the investigation are reported, first, by describing 
and summarizing briefly each one of the experiments performed, and, 
second, by discussing each one of the factors mentioned in the scope 
of the work (p. 12). 


PRELIMINARY TESTS. 


The experimental mill building at The Pennsylvania State College 
was completed in the spring of 1915, and the attrition mill, elevators, 
and conveyor were installed during the early part of the summer. 
During August several preliminary experiments were made for the 
primary purpose of ascertaining if explosions would result from the 
sparks emitted by foreign materials (nails, flint, matches, etc.) when 
passing between the grinding disks along with the grain. 
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At first the hood of the attrition mill Was removed, so that the 
sparks emitted could be observed. When a single nail (eightpenany, 
but clipped to a length of about one-half inch) or small piece of stone 
was passed through the mill, sparks were, in nearly every case, 
emitted from different points of the periphery of the disks. Feeding 
1 to 2 ounces of these clipped nails, small pieces of flint, or other hard 
materials, either singly or in combination, resulted in a large number 
of sparks, asin the case of an emery wheel. These sparks were thrown 
a distance of from 10 to 16 inches from the periphery of the disks. 
The sparks were emitted radially when both discs were running, and 
tanyentially when one disk was stationary. When matches were fed 
into the mill, usually no sparks were emitted from the periphery of 
the disc, as the rapidly revolving arms of the disk generally ignited 
the matches before they had fairly entered the eye of the runner. 

After making these observations of the sparks produced by foreign 
materials passing through the attrition mill, the hood was replaced, 
so that various kinds of grain products could be fed into the mill, 
with pieces of flint, nails, matches, etc. Three to five quarts of oat 
hulls, corn, elevator dust, flour, wheat scourings, wheat shorts, and 
floor sweepings were fed into the mill, at first smgly, then in various 
combinations, with about 2 ounces of foreign materials, a quantity 
which probably would greatly exceed the amount of such materials 
finding their way into an attrition mill with the grain during a com- 
paratively long period, under ordinary mulling conditions. The 
disks were set very close in order to grind as fine as or even finer than 
is usual, Repeated attempts with such materials as flour, dried ele- 
vator dust, and dust settlings failed to produce a single explosion. 
Further efforts were made to obtam explosions by duplicating, as 
far as possible, the actual conditions obtaining in an attrition mill, by 
feeding the grain at normal rate until several bagfuls had been passed 
through. At frequent intervals pieces of nails, flint, etc., were added 
with the grain, but never was there the slightest evidence of an 
explosion. 

The first explosion in the experimental attrition mill was obtained 
shortly after the preceding series of runs at the time when J. K. 
Clement, of the Bureau of Mines, was present to witness the tests. 
The bottom of the hopper was closed by the slide so as to retain the 
ground material and not permit any dust to escape except through 
the hand hole, which was open. hen a quantity of elevator dust 
and ground oat hulls was fed into the mill, a rather dense cloud of 
dust issued from the hand hole, due to the fan-like action of the grind- 
ing disks. Upon placing a gasoline blow torch near-this hand hole, 
the dust ignited and a flame, 6 feet long, shot out toward the wall. 
The hopper was immediately withdrawn, and about a quart of the 
same materials thrown into the mill, while the torch was introduced 
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just within the space previously occupied by the hopper. A very 
thick cloud of dust was blown into the room. Immediately an 
explosion, or rather a large flame, occurred, followed by a second and 
more extensive one, covering nearly all the floor area of the dust: 
side of the building and extending almost to the roof. The door and 
windows were open. Otherwise, some damage might have resulted. 
As it was, the arms of the man who handled the torch were burned. 

The results of these preliminary experiments (observed by J. K. 
Clement, B. W. Dedrick, M. P. Helman, J. Weaver, and F. Kline), 
may be summar ‘ized as fallow: 

1. More than 40 attempts with a total of from 3 to 5 pounds of 
foreign materials, such as nails, small pieces of stone and flint, and 
matches, fed along with various kinds of explosive grain products, 
a to produce a single explosion. 

. Two attempts with a naked flame were successful in producing 
a iy 


EXPERIMENTS FROM APRIL 6, 1916, TO OCTOBER 3, 1917. 
SERIES 1. 


Object—The object of the test was to determine whether explosions 
could be obtained by foreign materials capable of emitting sparks 
when ground, or by an sack 2 are located near the fale of the 
attrition mill. 

Conditions.—The two removable iron doors of the mill were replaced 
by wooden doors, provided with peepholes covered with several 
layers of mica, and drilled for the insertion of iron carbon holders for 
the electric arc. The position of the are could be shifted between the 
shaft and periphery of the disks, but it was soon found that its location 
did not seem to have any effect on the regularity of the explosions. 
As arule, in this and succeeding tests, the arc was located nearer the 
shaft than the periphery. A rheostat and ammeter were provided for 
regulating the current (usually 15 to 20 amperes) through the are. 
The hopper underneath the grinding disks was put in place, and its 
hand hole was left open so that the flash due to an explosion could be 
seen. 

Resulis.— 

1. Sparks from foreign materials did not cause an explosion. 

2. The electric arc caused four explosions out of six attempts when — 
large hancfuls of feed were used. 

3. Low rates of feeding did not produce an explosion with the 
electric arc. 

4. Oat hulls, ground or unground, did not ignite, except when 
mixed with the highly inflammable elevator dust. 

5. With elevator dust, when fed by the handful, either alone or 
with oat hulls, four explosions out of four attempts were obtained. 
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Object.—Same as that of Series 1. 

Conditions.—Similar to those of Series 1, except that one of the 
disks was blocked so as to permit foreign substances, such as nails, to 
be in longer contact with the revolving disk and thus to give off more 
sparks. Definite amounts, usually 1 pint, of feed were measured out 
for the purpose of determining the limits of explosibility of various 
mixtures. 

Results.— 

1. In 21 attempts with the electric arc and various grains and 
mixtures, 16 explosions were obtained. 

2. A mixture of 1 part elevator dust to about 8 parts of oat hulls 
appeared to be the limit of explosibility of these grain products. 

3. When there was no opening the explosion was propagated to the 
outside end of the screw conveyor, as indicated by puffs of smoke 
(E in Pl. IU, fig. 1, and in fig. 4). 

4. Bievkine one disk appeared to give results not different from 
those obtained when both disks were running. 

5. Other results corroborated those of Series 1. 


SERIES 3. 


Object. —The primary object was to determine how far the flame 
was propagated from the source of the explosion. 

Conditions.—The conditions of the test were similar to those of 
Series 2 (one disk being blocked), but the humidity was very high, 
inasmuch as there was a steady rain during a Jarge. part of the test. 
A 4 by 4 inch hole was cut in the upper part of the horizontal screw 
conveyor, about 1 foot from the chute leading down from the attri- 
tion mill and about 5 feet 4 inches from the shaft of the mill. The 
various kinds and mixtures of feed were prepared and measured 
into small paper bags, the contents of one of which were dumped 
into the feeding hopper at each attempt. 

Results.— | 

1. Out of 39 attempts with the electric arc, 36 explosions occurred, 
im spite of the very damp atmosphere. 

2. Explosions were obtained with elevator dust and oat hulls, and 
elevator dust, flour, graham flour, wheat scourings; floor sweepings, 
corn, and various mixtures of these substances. 

3. The following classification of the 36 explosions may be made 
(Pl. III, fig. 1, and text fig. 2): 

27 flashes were observed at B (5 feet 4 inches from shaft of mill). 

9 flames were observed at E (12 feet 6 inches from shaft of mill). 

3 flames were observed at F (17 feet from shaft of mill). 

4, ‘During the course of the tests the conveyor continually brought 
out smoldering lumps of ground produets, which could be readily 
fanned into a red glow. 


14 BULLETIN 681, U. S. DEPARTMENT OF AGRICULTURE. 
SERIES 4. 


Object.—The object of this series of tests was to attempt to ob- 
tain an explosion in the dust room (located outside the building, 
at the end of the screw conveyor) and to determine if such oxplosiey 
would propagate the flame back to the mill. 

Conditions.—This dust room (5 by 10 feet by 7 feet high) was 
made as tight as possible, and the door was replaced by a heavy 
muslin nonietin to retain the dust, at the same time permitting free 
expansion in case of an explosion. The electric are was located at 
first in a small box built above the end of the conveyor, and later 
just outside this box. In both cases the are was regulated by means 
of a long wooden pole extending to a safe point outside the building. 
The duct leading from E to the vent at F was removed (PI. III, fig. 1). 
The hopper was placed under the grinding disks, and all holes, in- 
cluding B, were closed, in order to retain the dust as far as possible. 
Both disks of the attrition mill were run at their normal speed of 
2,200 revolutions per mmute. The are was turned on, and various 
kinds of grain products, which had given explosions in previous 
tests, were run through the mill as rapidly as possible in order to get a 
large amount of dust into the dust room. After various grains had 
been fed for 15 minutes, a blast of burning dust was observed issuing 
from the outlet in the box above the conveyor. It was evident 
that the rapidly revolving attrition mill produced enough draft to 
force ats dust out at the conveyor end without the use of a special 
fan. In fact, the force of the blast was so great that it did not ap- 
pear possible for the flame to get back to the attrition mill. The 
flame was extinguished by merely turning off the arc, and then more 
elevator dust was rapidly fed into the mill, the arc having been 
turned on again. Within 2 minutes, another heavy blast. of flame 
was observed at the end of the conveyor. In this instance the flame 
could not be extinguished by turning off the arc, because the wooden 
box on the end of the conveyor had’ caught fire.. The mill was 
stopped immediately, and the burning box saved by means of a. fire 
extinguisher. After the arc had been placed just outside this box 
the mill was run again. Elevator dust and ground oat hulls were 
fed for 15 minutes, during which time the room became very dense 
with dust. Although the arc had been burning during this time, no 
explosion occurred, but, as before, due to the intense heat radiating _ 
from the air, the box over the end of the conveyor was again on fire. 
The mill was stopped, and the fire easily extinguished with a pail of - 

water. 

Results.—No explosions were obtained in the dust room by means 
of an electric arc in this series of tests. 
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SERIES 5. 


Object—This test was run as a demonstration to Government 
officials from the Bureau of Mines (G. A. Hulett and J. K. Clement) 
and from the Bureau of Chemistry (D. J. Price, H. H. Brown, and W. 
G. Goodenow). 

Conditions.—The are was located near the disks, which were run at 
their normal speed. Various kinds of grain products (except ele- 
vator dust, the supply of which had been exhausted) were fed into 
the attrition mill. 

Results.—Although explosions were readily obtained with flour and 
wheat scourings, none was obtained with corn, as in Series 3... In 
fact, the regularity and force of the explosions, none of which caused 
the flame to extend as far as the end (E) (PI. II], fig. 1) of the conveyor, 
“were not nearly as great as in Series 3, in spite of the relatively low 
humidity (49 per cent) of Series 5, as compared with other tests. 


SERIES 6 AND 7. 


Object.—These experiments were run to determine whether an 
explosion would result from the discharge of static electricity. 

Conditions.—The conditions of testing were similar to those of 
previous tests with the electric arc. The carbons were replaced by 
2-mch brass balls screwed on the ends of long 4-inch iron rods, which 
replaced the -inch iron carbon holders. ‘These {-inch rods were in- 
serted‘ through porcelains in the wooden door of the hood, to insure 
insulation from the metal frame of the machine, and were connected 
by 15-foot leads to the poles of a small Wimshurst machine. 

Results —Under norma! conditions this machine was capable of 
producing a good spark about 3 inches long, but under the condi- 
tions of the test, with the long leads, and great leakage, it gave only 
a very weak spark, hardly more than 4 inch long, between the brass 
knobs near the disks of the mill. It was, therefore, decided to make 
use of an induction coil instead of the static machine. By this 
means a very hot and almost continuous spark 2 inches long could 
be obtained between the brass knobs. On two different days a total 
of 20 attempts was made to obtain explosions with various inflam- 
mable dusts by means of the spark from an induction coil. The 
spark gap was varied from 4 to 1? inches. No explosions occurred. 
This negative result, of course, does not indicate that static electricity 
can, not cause an explosion in an attrition mill, but rather that un- 
der the particular conditions of the test, the mixtures of air and dust 
were not sufficiently inflammable to be ignited by the sparks from an 
mduction coil. In order to show that the electric arc, on account of 
the greater amount and intensity of heat produced, could ignite 
the same mixtures under the same conditions, the carbons were 
quickly substituted for the brass knobs, and then within 10 minutes 
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of Series 7, a number of explosions was obtained in Series 8 with the 
same substances by means of the electric are. 


SERIES 8 AND 9. 


Object.—The object of these tests was to note the effect of a single 
revolving damper in preventing the propagation of explosions 
occurring in an attrition mull. 

Conditions —The revolving damper was installed as shown in 
figure 2. The details of this damper may be seen in figure 3, which 
shows two such dampers in series. The by-pass and butterfly 
valve were inserted to make certain that the flame would be propa- 
gated that far when the damper was off, or out of service. 

Results.— 


1. Total number of attempts to obtain explosions with arc....- i REN aoe 73 
2. Motalemumiber on exp loslome ss eis ipy Bae sy esha Neier a EN Sige Ry Ch ee Epa ae 57 
iy IDEeNoer Tha Seales) Chihalne ero aA Aer noses oo Se coeeeeaseosdos 29 
4. Damper out of service during explosion...-.....--------. UR At Memes 8 28 
be Mlashesonetamretiay bie pass (damper ol) 5e 0. ms anes Mee ee coh ey) rae 11 
6. Flashes of flame at end of conveyor (damper on or off). ...-....------..------ 0 
7. Puffs of smoke at end of conveyor (damper off)...................--------- 21 
8. Flashes of flame past damper when in service.......------ ge ai Sane SR a 6 
9. Puffs of smeke at end of conveyor (damper on)...........-......--.------- 0 
SERIES 10. 


Object.—To determine whether static electricity was built up 
during the operation of an attrition mill. 

Conditions.—For this purpose a sensitive aldo electroscope was 
procured from the Department of Physics. The collecting devices con- 
sisted of a comb made up of pins and tin foil located near one of the 
driving belts and of two 5-foot flexible lamp cords with 3-inch pieces 
of No. 14 bare copper wire soldered to each end. During the tests 
the casing of the electroscope was grounded by being held in the 
hand, while the binding part of the gold leaf was connected by the 
flexible wire lead to the collecting comb, or any part where it was 
desired to test for static electricity. The attrition mill was run 
at its normal speed cf 2,200 revolutions per minute. 

Results.—See Table 10, page 29. 


SERIES 11. 


Object.—To note the effect of a double damper in preventing the 
propagation of explosions. 

Conditions.—The single damper used in Series 8 and 9 seemed 
to retard to a marked degree the propagation of explosions occur- 
ring in the attrition mill, but did not always prevent the flame 
from getting past the damper. Consequently, a double damper 
(figs. 3 and 4 and Pl. IV) was installed, with a view to checking 
any flame that might pass the first set of revolving paddles. Inci- 
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dentally the mill was run several hours while oat hulls were fed 
at as great a rate as possible. The ground oat hulls were conveyed 
back into the mill in order to produce as much dust as possible. 
For over an hour the electric are was turned on, but not a single 
explosion resulted. 

Results.— 

1. During the operation of the attrition mill under severe con- 
ditions as to rate of feeding and source of ignition no explosion 
could be obtained with oat hulls during a period of over an hour. 

2. Out of six explosions with the dampers in service two flames 
shot past B and D (fig. 4). 

3. In two instances with the dampers in service smoke was 
observed issuing from the end of the conveyor, but without any 


force. 
SERIES 12. 


 Object.—Same as that of Series 11. 

Conditions.—Similar to those of Series 11, except that the oat 
hulls used during the preliminary run had been fairly well dried 
by being spread out in shallow pans, which were then placed on top 
of radiators for a period of several days. Thus the moisture content 
was reduced from 9.9 to 3.2 and 5.7 per cent. 

Results.— 

1. Only one explosion was obtained during the continuous grind- 
ing of fine oat hulls. 

2. In each of the four explosions with the double damper in 
service a flame got past the damper and in three cases extended 
as far as D. 

3. In no instance was a flame observed at the end of the con- 
veyor. , | 

4. Smoldering lumps of ground products were found to be very 
dangerous, in that they set fire to the wooden base of the attrition 
mill. 

On account of the fire hazard involved in these smoldering lumps 
of grain, special emphasis should be placed on this result of Series 12. 
During this series of tests it was observed that smoldering lumps, 
resulting from the explosions, were frequently brought out by the 
screw conveyor, Some of these lumps happened to be placed on 
several layers of asbestos paper. After several minutes it was ob- 
served that a hole had been burned through the asbestos paper. 
Even when this:smoldering material was buried under several inches 
of grain it continued to burn, although not as well as when it was 
spread. out in a thin layer and exposed to the atmosphere. That this 
smoldering material was to be regarded as a great source of danger 
was very forcibly demonstrated when on the following morning it. 

50220°—18—Bull. 681——3 
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was discovered that the wooden platform and floor near the remov- 
able hopper of the attrition mill had been set on fire, evidently by 
some smoldering grain that had not been removed after the experi- 
ments of the preceding day. This result strongly suggests a greater 
use of sheet iron, or other noncombustible material, in milling 


plants, 
SERIES 13. 


Object.—The object of this experiment was to note the eaeer 
of a pressure-relief pipe. 

Conditions.—It had been suggested that a means for automatically 
relieving the pressure, due to an explosion, might aid materially 
in preventing the propagation of the flame to a dangerous part of 
the mill. Accordingly, a device (Pl. II, fig. 2, and Pl. I, fig. 1) 
consisting of a pipe 5 inches in diameter and 84 feet long, with a 
rectangular end containing a light sheet-iron relief valve, which 
remained closed by its method of overhead suspension (fig. 3), was 
installed. This end of the relief pipe was inserted in the hopper 
(Pl. ITI, fig. 2), which had been lined with galvanized iron on account 
of the many fires that had occurred in the wooden hopper. 

Results.— ; 

1. In nearly all of the 14 explosions with the damper in service 
a flame and puff of smoke were observed at the end of the relief 
pipe (G), indicating that the relief valve opened properly. 

2. In four out of eight instances, however, flames were observed 
getting past the double damper. although never as far as the con- 


veyor end. 
: SERIES 14 AND 15. 


Object—The primary object of these last experiments was to 
determine whether certain grain products, such as oat hulls, con- 
taining considerable dust, barley malt sprouts, malt sprouts, brewers’ 
dried grain, and ‘‘dried grain,” all of which had been recently re- 
ceived from various manufacturers, would give an explosion under 
severe conditions in an attrition mill. Incidentally, observations 
were made of the effects due to the relief pipe and double damper. 

Results.— 

1. By means of the electric arc, explosions were obtained with 
dusty oat hulls, malt sprouts, barley malt sprouts, brewers’ dried 
orains, and various mixtures (Table 16). 

2. Out of 45 explosions with the damper in serv ice, four flames 
passed the damper, one of them extending as far as the end of the screw 
conveyor. 

3. In all cases of explosions, pufis of smoke were sheeted at the 
end (G) of the relief pipe (Pl. I, fig. 1). 
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DISCUSSION OF RESULTS AND CONCLUSIONS. 
-SPARKS EMITTED BY FOREIGN SUBSTANCES. 


Many attempts were made, in both the preliminary and the regular 
tests, to produce dust explosions in an attrition mill by introducing 
with the feed various kinds of foreign substances, such as nails, small 
pieces of stone and flint, and matches, but not once did an explosion 
occur. Various kinds of grain products, with different degrees of 
fineness, and both normal and minimum moisture contents, were fed 
during these attempts. Evidently, however, the intensity and amount 
of the heat generated by the sparks from these foreign substances were 
not sufficient to ignite the dust, although an explosive mixture of air 
and dust may have been present, as manifested by the regularity of 
the explosions obtained by the electric arc under identical conditions. 
In rare cases, and especially with very low humidity and moisture 
contents, it might be possible for a nail or other hard substance to be 
caught in such a way that a very long succession of sparks would be 
emitted with sufficient intensity to cause ignition. The results of 
these tests, however, point strongly to the following conclusions: 

1. Sparks emitted by foreign substances passing through an attri- 
tion mijl do not in general appear to be hot enough to ignite an 
inflammable dust. 

2. Nevertheless, to take care of the exceptional case, every pre- 
caution should be taken to keep all foreign substances from entering 
the grinding machines. 

NAKED FLAME. 

Only two attempts were made to obtain explosions by means of a 
naked or open flame, but both were entirely successful (p. 11). Safe 
conclusions are as follows: 

1. Naked flames can readily ignite inflammable dust mixtures. 

' 2. A naked flame should never be allowed in the vicinity of dust. 
CARBON ARC IN ATTRITION MILL. 


The summary of all results obtained with the use of the electric 
arc is shown in Table 16. It is to be noted that in practically two- 
thirds of the attempts with materials which gave explosions at one 
time or another, explosions were obtained by means of an electric 
arc located near the grinding discs. In every one of the 201 explosions, 
except Explosion 3 of Series 12, it was necessary to feed the material 
im the amount of at least a handful to produce an explosion. Appar- 
ently, a fairly dense cloud of dust was required to produce an ex- 
plosion with even the most intense source of ignition available, the 
electric arc. The following conclusions can be drawn: 

1. An attrition mill is capable of producing mixtures of dust and 
air which can be easily ignited by a sufficiently intense source of heat. 

2. There is much less danger of an explosion, when the rate of feed- 
ing is less than the amount which the mill can take care of. 
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CARBON ARC IN DUST ROOM. 


The location of the arc in the dust room, at the end of the screw 
conveyor, did not cause an explosion (Series 4). This fact, however, 
merely indicates that the many conditions involved in an explosive 


mixture did not happen to be met in this particular case. Probably 


the dust cloud was not dense enough. In any event, it would be well 
to draw the following conclusion, especially in view of past explosions — 
in mills, and those obtained by the arc located near the grinding 


-dises of the attrition mill: 


It is always very dangerous to allow an open flame (or any source 
of ignition) in the vicinity of a dust-laden atmosphere. 


EXPLOSIBILITY OF VARIOUS GRAINS. 


The summary of all the explosions of various materials obtained 


with the electric arc (except those in the demonstrations, Series 5) is 


found in Table 16. From the explanation of the meanings of the 
terms of the fractions appearing in this table it would seem that each 


fraction ought to indicate the inflammability of the material. As 


a matter of fact, these fractions, especially those of the same series, 
serve as rough indications of the relative inflammabilities of the 
various materials; but too much stress should not be laid upon this 
point, as most of the conditions of testing were beyond control. Rela- 
tive inflammability can properly be determined only by careful 
laboratory methods which control the many factors entering into the 
question. 

In view of the fact that the grinding of oat hulls constitutes an 
important part of the work done by attrition mills, it is interesting 
to note that oat hulls alone (Mixtures 1, 13, and 30) were not found 


- to be very inflammable. Only extremely fine oat hulls, or those with 


considerable dust, were capable of giving inflammable mixtures, in 
spite of the fact that i in series like 11 and 12 oat hulls were fed into 
the mill and recirculated continuously for several hours without a 
resulting explosion, except in the case of Explosion 3 of Series 12. 

A study of Table 16, together with a knowledge of the conditions 
of testing, makes “aneeIhle the following conclusions: 

1. Elevator dust, flour, wheat scourings, and malt sprouts seem to 
produce explosions the most consistently, 

2. Oat hulls do not appear to give very inflammable mixtures, 
unless they contain a considerable amount of fine dust. A 

3. Every precaution should be taken to remove dust as fast as it 
is formed, and to prevent it from coming in contact with any possible 
source of ignition. 
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STATIC ELECTRICITY IN ATTRITION MILLS. 


Repeated tests were made on various days, June 22, 23, 26, and 
July 1, 1916, to detect any charges of static electricity that might ~ 
have been built up during the operation of the attrition mill. The 
devices employed for transferring the charge to the electroscope in- 
cluded the copper wire described in Series 10 (p. 16), and also a 
proof plane, consisting of a penny attached by sealing wax to a }-inch 
glass tube 10 inches long. The copper lead and proof plane each gave 
good deflections of the electroscope when these devices were applied 
to bodies known to have charges of static electricity, and therefore 
it was certain that the methods employed for indicating the presence 
of static electricity were reliable. In the tests involving the use of 
the proof plane, it was held near the moving belt, or brought in con- 
tact with the frame of the machine, and then touched to the binding 
post of the electroscope, which was grounded by holding in the hand. 

None of the tests run on the summer days mentioned, in none of 
which the humidity was lower than 70 per cent, indicated the shghtest 
trace of static electricity during the operation of the attrition mill, 
with and without the feeding of various grains. This result indicated 
either that no static charge was being generated or the machine was 
too well grounded, either directly or by leakage, to retain any charge 
that might have been generated. 

By means of the usual voltmeter method the metal frame of the 
attrition mill was found to be well msulated as far as low voltages 
(110) were concerned. 

In order to test qualitatively the msulation and leakage for high 
voltages, one terminal of a Wimshurst machine was connected to 
the frame of the attrition mill. By means of the proof plané and 
electroscope it was found that the attrition mill was capable of 
retaining a slight charge for a few seconds after the charging wire 
had been removed. The indications of the very sensitive electro- 
scope, however, were so feeble as to lead to the conclusion that, 
while the attrition mill was fairly well insulated, its leakage (owing 
to the many corners and edges, covering of dust, and also atmos- 
pheric moisture) and its capacity were so great that a considerable 
quantity of electricity would be required to establish a high potential 
on the frame. 

Further tests (Series 10) on a winter day (temperature 42° and 
humidity 54 per cent) indicated the development of static electricity 
in the driving belts, due probably to the comparatively low moisture 
content of the air, but not in the frame of the machine. 

Safe conclusions from these tests are as follows: 

1. Any static electricity that may be generated in this particular 
machine is dissipated so rapidly by leakage, which is largely due to 
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the relatively high atmospheric humidity of this region, that no poten- 
tial is built up in the frame of the machine. 

2. Should an excessive amount of static electricity be developed 
in a mill of any kind, proper methods of grounding the machine ! 
will go far toward eliminating any danger that may be due to sparks 
from static charges. ; 


STATIC ELECTRICITY AS CAUSE OF EXPLOSIONS. 


In 25 attempts to ignite inflammable dusts with the spark from 
an induction coil, not a single explosion was obtained (Series 6, 7, and 
12). From the fact that an electric arc would produce explosions 
under identical conditions, it would seem that the production of en 
explosion is largely dependent upon the extent as well as the intensity 
of the source of ignition, especially when there is a high velocity of 
the dust past the igniter, as is the case in the attrition mill. The 
temperature of the electric arc is estimated at about 6,200° F., but 
laboratory experiments? have shown that certain dusts can be 
ignited at as low a temperature as 1,100° F. with a source of heat 
having a comparatively small area. Consequently, great care should ° 
be exercised to eliminate every possible. source of ignition. 

Conclusions: 

i. It is comparatively difficult to ignite inflammable dusts in an 
attrition mill by means of static electricity. : 

2. Nevertheless, every precaution should be taken to eliminate 
static electricity in the operation of any kind of mill. 


6 


EFFECT OF ATMOSPHERIC HUMIDITY. 


The effect of humidity, both relative and absolute, upon the inflam- 
mability of dusts is not yet known, and can not be definitely deter- 
mined except by laboratory investigations under carefully controlled 
conditions. In the tests in the attrition mill the humidity of the 
atmosphere was always determined by means of a carefully cali- 
brated sling psychrometer. The relative humidity ‘ranged from 44 
per cent to very nearly saturation, or 100 per cent, in the case of a 
steady rain. No deductions could be made as to the effect of the 
relative humidity on the inflammability of gram dusts, for too many 
variable factors were involved. It is, however, of interest to note 
that in Series 3, during a steady rain, the regularity of explosions 
happened to be greater than in any other series. This fact seems to 
indicate, at least, that a high relative humidity does not tend to 
decrease the inflammability of dusts, except in so far as the moisture 
content of the materials fed into the mill may be considerably 
increased after a sufficient length of time. 


1 References 38 and 39, Bibliography. 2 Reference 26, Bibliography. 
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Conclusions: There is no positive indication in the present series 
of tests that the humidity of the atmosphere has any material effect 
on the inflamma bility of dusts in this region, where the relative 
humidity is usually above 50 per cent. 


TasLe 17.— Moisture contents of materials. 


Series. 
Disienar Material. 
ion ; 
51 il 12 14 15 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
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1Also typical of the first 9 series. 
EFFECT OF MOISTURE CONTENT OF MATERIALS. 


Table 17 gives the results of moisture determinations made in 
several tests. Average samples were obtained during the feeding of 
the materials into the attrition mill, and were kept in carefully 
stoppered bottles. The method for making the moisture determina- 
tions was similar to that employed for coal analysis, in which the 
samples are placed in a constant temperature oven at 220° F. The 
crucibles containing the samples were weighed, by means of analytical 
balances, at frequent intervals of time until the material was dried 
out, as indicated by two successive weights of practically the same 
value. The percentage of moisture was then calculated on the basis 
of the original wet sample. Duplicate determinations were made in 
each case. 

‘The number of moisture determinations and the range Mor moisture 
contents were not sufficient to enable one to draw any positive con- » 
clusions, but, in the case of oven-dried flour at least, a tendency 
toward more regularity and violence of explosions was noted. Un- 
doubtedly the same tendency would be noted in all grains if-the con- 
ditions of testing could be properly controlled, and it would perhaps 
be advisable to determine the minimum amount of moisture to ren- 
der the material noninflammable. For the present it seems that the 
following conclusions may safely be drawn: 

1. The less moisture a dust contains, the more inflammable it is 
likely to be. 

2. It is probable that for inflammable dusts there is a msximum 
moisture content above which the dusts can not be ignited. 
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TESTS OF REVOLVING DAMPERS OR FIRE TRAPS. 


The tests with the revolving dampers gave the following important 
results: 
TABLE 18.—Tests of revolving dampers or fire traps. 


Tate Single | Double care Single | Double 

Observations. damper. | damper. | Observations. damper. | damper. 
Explosions with dampers in nlashesiatiD ere eae [Weg wt 8 
SCLVICece ae eae eine 29 COMMER ifisat ean aaee ewe eee [Eres Ces 1 
Flashes past damper.-....---- 6 (4G) | MBlashesiab eb epee eee eee | 0 1 
Puffs past damper. --.......... 0 HOE BR Ufistat ira: te Our oe ener | 0 0 


These results indicate that the double damper showed no superi- 
ority over the single damper as a preventive of flame propagation. 
With both single and double dampers there were cases in which 
flames got past with enough force to shoot out of the peephole (B) 
for several feet toward the observer. The devices, however, were 
effective to the extent that no puffs of smoke and only one flame 
were observed at the end (EK) of the conveyor. 
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Fic. 5.—Attrition mills, showing fire traps or dampers. 


An interesting practical application of the revolving damper as a 
“fire trap’’ is noted in the following report of an investigation by 


R. L. Sackett: 


A large milling company in Buffalo, N. Y., has placed its battery of attrition mills 
in a separate building of corrugated iron (fig. 5). 

Before the oats pass to the mill they have been screened and have passed a mag- 
netic separator, which removes splinters of wood, metallic substances, and other 
foreign matter. 

The material passes through the attrition mills and drops down toward the con- 
veyor below. 

The vertical leg below the mill has a 6-inch galvanized spout running horizontally 
through the side of the mill. On the end of this pipe is a flap valve with a circuit so 
arranged that if an explosion takes place in the mill the pressure will open the flap 
valve, break the electric circuit, which will in turn stop the motor which drives the 
mills. The pipe serves asa safety valve for the escape of gases in case of explesicn. 

Below the safety valve is a “‘fire trap” or ‘“‘damper,’’ consisting of four blades 
revolving on a shaft, within a casing, so designed that in case of an explosion the 
propagation of flame to the conveyor will be retarded cr prevented. This damper 
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is similar to those used in experiments in the special mill built at The Pennsylvania 
State College for the purpose of this investigation. 

This company reports that no damage has been done, and, so far as they know, 
explosions have not been transmitted beyond the safety pipe and damper. 


The double damper as installed in the present series of tests did 
not give the desired effect, probably because the two sets of revoly- 
ing paddles were too close together. If the flame can pass one set 
of blades, it is likely that it can pass an adjacent set of blades 
before it has been extinguished. It seems reasonable to suppose, 
however, that a sufficient volume or extent of passage between the 
two revolving dampers may cause the flame to expend its energy to 
such an extent that the second damper would be able to check it 
absolutely. 

The following conclusions can be drawn: 

1. A single revolving damper is a fairly effective device for pre- 
venting the violent propagation of flames, but is by no means an 
absolute preventive. 

2. A double revolving damper does not appear to serve the pur- 
pose of a fire trap any better than a single damper. 


RELIEF VALVE AND PIPE. 


Although the three tests with the relief valve and pipe leading 
from the hopper of the attrition mill to the outside of the building 
showed that this device was not effective in preventing the propa- 
gation of flames, even past the double revolving damper, it is quite 
possible that a larger size of valve and pipe may aid materially in 
accomplishing the desired result. The principle of permitting the 
immediate escape of confined gases that have just been ignited 
seems to be a proper one on which to base a preventive device. 

Conclusions: 

1. The relief valve and pipe as installed alone are not successful 
in preventing flame propagation. 

2. In view of the correct principle involved, it may be worth while 
to try changes in the design and location of the relief valve and pipe. 

A study of the foregoing discussion of the tests performed at the 
experimental plant of the college may lead to the objection that not 
enough attention was paid to the quantitative side of the problem, 
involying such factors as the exact amount of grain fed into the 
mill, the rate of feeding, the physical and chemical analyses of the 
material, the mmimum temperature and minimum-amount of heat 
to produce ignition, the velocity and analysis of the dust-laden gases 
at various points between the attrition mill and the end of the con- 
veyor, the pressure developed by the explosion, the minimum 
humidity and the minimum amount of inert gases to prevent igni- 
tion of inflammable dusts, and the limits of inflammability for vari- 
ous dusts. To such a criticism the euthors would reply that the 
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quantitative side of the problem could be taken care of only by care- 
ful laboratory investigations such as are being conducted by the 
Bureau of Mines and the Bureau of Chemistry. The chief purposes 
of an experimental mill, such as that installed at the college, are to— 
show that explosions can be produced in the grinding mill and propa- 
gated a considerable distance, and to test various preventive devices 
recommended’ by manufacturmg concerns or by the Government. 
Both of these purposes have been served to some extent. 

- Although it has not been demonstrated that static electricity, or 
sparks emitted from foreign substances, are capable of producing 
explosions in an attrition mill, it has been positively proved that 
more intense sources of ignition, such as an open flame or electric 
are, can easily ignite dust mixtures, and that the resulting explosion 
can be ano puguiel through fire traps and the screw conveyor. Con- 
sequently, the safest plan is to guard against every possible source 
of ignition. 

As to the second use, only three preventive devices have thus far 
been tested—a single revolving damper, a double revolving damper, 
and a relief valve. It would seem, however, that the present equip- 
ment would warrant further tests of preventive measures in coopera- 
tion with the Government. ; 


SUMMARY OF CONCLUSIONS. 


The final conclusions reached after studying grain-dust explosions 
‘in an experimental attrition mill, together with the other results 
obtained by Government investigators, may be summarized as 
follows: 

1. Every effort should be made to collect and remove the dust 
from the grinding mill and surrounding atmosphere. a 

2, In some cases it may be advantageous to use mert gases to 
decrease the oxygen content and thus prevent the formation of an_ 
explosive mixture of air and dust. : 

3. Every possible source of heat should be eliminated where there 
is any danger of having a dust-laden atmosphere. 

4. Kvery precaution should be taken to eliminate sparks due to 
static electricity.’ 

5. Greater use should oe made of sheet iron on account of the ~ 
very great danger from smoldering lumps of grain (Series 12, p. 17). 

6. Revolving dampers, as installed here and elsewhere, appear to 
be of some value as genet nets measures for the propagation of 
explosions. . 

7. The principle of the automatic relief valve should receive more 
attention as a possible remedy to apply for the partial prevention of 
the propagation of the flame. 


1 References 38 and 39, Bibhography. 


APPENDIX. 
RECOMMENDATIONS FOR FUTURE INVESTIGATIONS. 


In closing, the authors desire to offer the following recommenda- 
tions for future investigations: 

I. Laboratory experiments to determine the limits of inflamma- 
bility as affected by the following factors: 


. Density of the dust cloud. 

. Fineness of the dust particles. 

. Chemical composition of the dust. 

. Moisture content. 

. Inert gases. 

. Atmospheric humidity. 

Minimum temperature and amount of heat required for ignition. 

. Sparks from metallic substances. 

. Static electricity (not merely the voltage, but current measurements as 
well.) 


CONAM Aw hE 


II. Field experiments on various types of machines handling dusty 
materials: 

1. Tests to prove that dust mixtures outside the limits of inflammability, as 
already determined, with reference to moisture content, inert gases, or 
atmospheric humidity, can not be ignited under the most severe condi- - 
tions of ignition, such as those produced by an electric arc. 

2. Tests of various devices designed to prevent the propagation of explosions. 


RESUME OF SOME PAST EXPLOSIONS. 


The first large grain-dust explosion occurred in 1878 in the Wash- 
burn mill, at Minneapolis, Minn. At that time the “new process” 
system of milling, in which the grinding of wheat was done by mill- 
stones, was in vogue. It was assumed that, owing to a choking up 
of the feed spouts leading to the millstones above, one or more of 
the millstones became empty, and the running of the two stones 
against each other caused sparks, which ignited the dust in the 
conveyor boxes and dust rooms, causing an explosion in the dust 
room which destroyed the walls of the valde: It is possible, and 
even probable, that the fire originated from open lights which were 
used at that time. 

Another very serious mill explosion occurred on June 24, 1913, 
when a feed-grinding plant in Buffalo, N. Y., was completely wrecked 
by an explosion, presumably of dust. None of the survivors of this 
explosion was able to give any information as to the cause of the 
initial fire, but it is stated that without a doubt the explosion was 
caused by the ignition of feed dust. 

49 
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A rather curious explosion took place in a flour mill in Nebraska 
on September 22, 1914, in which the entire wall on one side above 
the second story was blown out. One end showed a bad .bulge, 
but the roof remained intact, except that it sagged over the side 
from which the wall was blown out. Apparently the force of the 
explosion was exerted in one direction, or, rather, the wall on this 
side offered less resistance than the others. It is believed that the 
dust in one of the flour bins was ignited by a match struck by one 
of the workmen. 

On December 11, 1916, a large cereal mill in Ontario, Canada, 
was totally destroyed by an explosion and subsequent fire. The 
fire was started by an explosion in the feed-erinding building, and 
was ascribed to the ignition of feed dust in one of the grinding ma- 
chines. 

One of the authors witnessed several dust explosions in flour 
mills. Although these explosions were of minor importance, be- 
cause no serious consequences followed, the observations tend to 
give an idea as to the explosibility of flour dust, the conditions under 
which explosions may take place, and, in some cases, the cause of 
the initial explosion. 

At a certain mill the settlings of the dust room, into which was 
blown the dust drawn from the middlings purifiers and from the 
exhaust off the millstones, were gathered periodically into a bin and 
' ground on a small stone. This mixture was composed of very fine 
pieces of bran, fiber, larger pieces of endosperm, and a fine, impal- 
_ pable, starchy, flour dust. Often, when the spout became nearly 
empty and the pile above started down, the dust descended with 
sufficient force to spurt out of the opening in the spout over the 
hopper, creating a dense cloud of dust. On one occasion an open - 
light was close at hand when this dust fell, and an explosion fol- 
lowed. There were three distinct explosions or flashes of the burn- 
ing dust, one following the other at intervals of afew seconds. These 
explosions were succeeded by a faint crackling sound. Each suc- 
cessive flash was wider in extent as the dust spread and diffused. 

The first enveloped only the vicinity of the spouts and millstone; 
the second, a still larger area; and the third, almost the entire area 
of the grinding floor. The first zone, composed of the heaviest and 
largest dust particles, burned the most slowly, as if partially smoth- 
ered; the next, more rapidly; and the last and largest zone, composed 
of the very lightest of the starchy particles in the state of greatest 
diffusion, burned most rapidly, and, consequently, with the greatest 
heat. This last explosion had more force than the others, and was 
more of the nature of an explosion than the other two. 

On another occasion some purified middlings were shaken down 
from the side of an empty bin, and, coming in contact with the flame 
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of an open lamp, burned with two distinct flashes, the second one 
spreading somewhat beyond the confines of the bin. These middling 
particles were too heavy to float far, and too large to burn rapidly. 

Only a few years ago a certain packer lifted the lid of a flour bin, 
and held a lighted match within the opening to see how much flour 
the bin contained. Apparently the flour had been drawn down par- 
tially, leaving some piled up on one side. Set in motion by a shght 
jar, it fell, causing a rush of air and a thick cloud of dust, which 
was followed immediately by a long flame issuing from the opening 
in the bin. The current of air caused by the fall of the flour was 
evidently strong enough to prevent the flame from extending down 
into the bin; otherwise a disastrous explosion might have resulted. 
The flame burned the packer’s face and arms to some extent, and 
caused him to fall backward. In doing so, he let the lid of the bin 
fall, and thus cut off the flour dust inside the bin from the flaming 
anes outside. 

The conditions and circumstances existing just previous to each 
of these various explosions were similar in all cases. From such 
observations as were made the conclusion has been reached that 
only under certain favorable conditions will a serious explosion of 
flour dust occur. If the dust is very dense and confined within a 
certain volume, or if the particles forming the dust are very large, 
the danger of a real explosion is less than in the case of the very 
fine, starchy dust in less density, which may, however, burn very 
rapidly. The theory is that these particles of a fine, starchy nature 
must be separated by a layer or thin wall of air, and at the same 
time be near enough together to ignite each other. Dense clouds of 
dust, especially those containing coarse particles, are comparatively 
slow burning. 

A dust may also be yetne fine, yet so widely diffused as to be in- 
capable of ignition, even from an open light. The old-fashioned 
dust. room, sometimes merely partitioned off with fine muslin or 
other cloth, constituted a dangerous source of fire or explosion, as 
the dust blown from machines was held more or less in suspension 
before settling, and, being for the most part finely divided, it would 
be all the more donwarone should it come in contact with an open 
hight. 
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IMPORTANCE OF ACCURATE WHOLESALE PRICE QUOTATIONS. 


The majority of American creameries sell their butter on the 
basis of some recognized market quotation which, it is supposed, - 
represents the prevailing wholesale market value of a certain grade 
of butter within the market where the quotation is issued.1 The 
primary wholesale market receivers of creamery butter usually have 
standing agreements both with the creameries from which they obtain 
their supplies and with the jobbers and retailers to whom they sell, 
whereby the current prices for different grades of goods are de- 
pendent upon either weekly or daily market quotations. Thus, it 
is a matter of considerable importance to consumers as well as to 
producers that the various wholesale price quotations in different 
markets should reflect accurately the actual current values of different 
grades of butter. . 


METHOD AND SCOPE OF INVESTIGATION. 


In order to determine the relationship of certain market quotations 
to the basic wholesale prices of creamery butter and to find out to 
what extent improvement in the quality of butter helps the creamery 


1 Wor a detailed description of the methods by which current market quotations are 
issued, see Department Bulletin 456, ‘‘ Marketing Creamery Butter,” by Potts, Roy C., and 
Meyer, H. F. 
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to obtain higher market returns, the Department of Agriculture 
made investigation of the sources of butter supply of various cities 
of the United States, the prevailing grade or quality of butter sold in 
different markets, and the prices paid for different grades. The 
investigations were begun in the spring of 1914 and continued until 
the fall of 1915. During that time over 1,000 creameries in all sec- 
tions of the United States were visited by representatives of the 
department. The grade of butter they produced was determined, 
and additional information was obtained relative to their market 
outlets, the methods by which their outputs were marketed, and the 
prices obtained for various lots of different grades of butter shipped 
to different merchants within the same and different markets. 

The sources of supply, the quality of butter demanded by different 
classes of trade, and the methods of market distribution were studied 
in more than 50 of the largest cities in every part of the United 
States. Various representatives of the department were engaged in 
this work, but all comparisons of quality between different cream- 
eries and different markets were based on the scorings of a single 
expert judge in the commercial grading of creamery butter.? 


WHOLESALE QUOTATIONS ON WHICH CREAMERY BUTTER 
PRICES ARE BASED. 


Creamery butter, which is properly made from a good grade of 
cream, will retain its desirable qualities for a sufficient time to per- 
mit it to be marketed at any season in practically any domestic or 
foreign market. Refrigeration and transportation facilities in the 
United States are such that it is possible to ship butter to practically 
every city in the country. Creamery men, however, like factory 
managers in other industries, generally have sought to sell their 
product in local markets as much as possible. Numerous cities in 
New England offer the best market outlets for the creameries in that 
section of the country. Likewise, the creameries of New York, and 
of Pennsylvania, as well as those of most of the Southern and 
Western States, have found satisfactory market outlets in the same 
regions in which they are located. 

The production of creameries located in some sections of the coun- 
try, particularly the North Central States, is greatly out of proportion 
to the local market demands of those regions. The great majority of 
creameries in that territory are located in rural districts where they 
have practically no local trade to supply, nor are there any neigh- 


17This investigation was made with the assistance of the Dairy Division, Bureau of 
Animal Industry, U. S. Department of Agriculture. Mr. M. P. A. Sondergaard, dairy 
manufacturing specialist of that bureau, inspected and scored the yarious lots of butter 
on which he was able to obtain first-hand knowledge regarding both buying and selling 
prices. : 
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boring cities which are not being adequately supplied by creameries 
situated in the same sections. Creameries thus situated are obliged 
to ship their product to large centers of population in the Eastern 
States or to some important storage and distributing center. New 
York, Chicago, and San Francisco are the most important market 
centers of this kind. Even those creameries which sell a large por- 
tion of their output in the cities in which they are located are obliged 
to find other market outlets where the local production is insufficient 
for the current trade demands. Boston is such an outlet for some 
of the large centralizing creameries of the Middle West. The accom- 
panying map, figure 1, shows the location of the most important 
wholesale butter markets in relation to the general geographical 
location of a total of more than 4,000 creameries in the United States. 


IMPORTANT BASIC WHOLESALE BUTTER MARKETS. 


In the beginning of the creamery-butter industry of this country, 
the town of Elgin; Ill., was the center of the butter-producing region 
of the Middle West; and it was the place where representatives of 
butter merchants in eastern markets made offers for the product of 
the creameries in that section of the country. The prices at which 
goods were sold on the Elgin Board of Trade were published, and 
the quotations thus issued came to be regarded as the basic whole- 
sale price of the American butter market. This was because most 
of the creameries in this region did not have local market outlets 
and therefore the major portion of “Elgin butter” was available 
for distribution in every city that had satisfactory transportation 
service and market connections with these creameries. As trans- 
portation and refrigeration facilities were improved, the creameries 
in the Elgin territory were able to compete for the markets of every 
important city in the country; and creameries in every part of the 
country sold butter at prices which were in line with the Elgin 
quotations. : 

Until recently 1 the custom of basing the buying and selling prices 
of creamery butter on the Elgin quotations still prevailed in many 
sections of the country, though the demands for market milk in Chi- 
cago and other neighboring centers of urban population had reduced 
the butter production in the “ Elgin District” so that comparatively 
small quantities of butter were sold on the Elgin (butter) Board. 

' Chicago has become the leading market center for creamery but- 
ter produced in the Middle Western States, because, besides being 
a large consuming center, it has exceptionally good shipping and 
storage facilities. Many creameries and jobbers in that market 


1 By action of the United States Food Administration the Elgin Board of Trade on 
October 31, 1917, suspended the issuance of butter quotations. 
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territory are now basing their price agreements upon the Chicago 
quotations, because of the immense volume of daily receipts in that 
city and the fact that it is the chief center for reshipments to “ out- 
of-town trade.” 

The other important wholesale markets for creamery butter are 
New York, Philadelphia, San Francisco, and Boston. The quotations 
issued in those cities serve not only as bases for settlements of mar- 
ket transactions within the territory supplied from these jobbing 
centers, but they are also the bases for price agreements between 
wholesale receivers and the creameries which ship to them. Al- 
though many of the creameries in the New England States no 
longer sell a large portion of their output to wholesale butter mer- 
chants in Boston, the custom of basing their selling prices on the 
Boston quotations still prevails. 


RELATION OF WHOLESALE PRICE QUOTATIONS TO STAND- 
ARDS AND GRADES. 


QUALITY STANDARDS. 


To permit comparisons of market prices in different cities and to 
facilitate trading between different sections of the country, the vari- 
ous wholesale trade organizations in the chief wholesale butter mar- 
kets of the United States have adopted grades and standards for 
butter. In wholesale market transactions butter generally is classified 
as “ Creamery,” “ Dairy,” “ Ladies,” and “ Process,” according to the 
method of manufacture; and “the trade” also recognizes different 
“orades” of creamery butter, such as “ Higher scoring lots.” “ Ex- 
tras,” “ Extra Firsts,” “ Firsts,” and “Seconds,” according to differ- 
ences in the quality of various lots. The lack of uniform standards 
for the various “ official grades” applying to certain wholesale mar- 
ket transactions is shown in Table 1. 

Figure 2 presents a comparison of the average monthly wholesale 
price quotations for Extras in Boston, New York, Philadelphia, 
Chicago, Elgin, and San Francisco. It is evident that the prices, in 
the areas where production exceeds local consumption, differ from 
the prices in eastern market centers by approximately the costs of 
transportation. The experience of creamery men, however, has shown 
that the trade demands of different cities vary to such an extent that 
the standards of quality in the different markets are not actually 
the same, even when the accepted standards of different trade organi- 
zations, as shown in Table 1, are ostensibly alike. Hence the current 
market reports are not exact guides as to the prevailing wholesale 
prices of like grades of butter in different cities. 
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Fic. 2.—Average monthly quotations for extras in important wholesale butter markets. 


Tapre 1—Comparison of the official creamery butter grades of different whole- 
sale trade organizations. 


Scores required for different grades.* 


Grace. 
: : -;| Philadel- | San Fran- 
| Boston. Chicago. Elgin New York. phia. Baan, 

SPeclalsaeeee een ae ee eee ert eee Pee eee ere er GE \bcoscecodeos|bsccesseosac 
RE AS a ee oe seeienacaio| 93+ 93+ 93+ 92 91+ 93+ 
Wixteairst.i.-saces meee sccee lees seat inee 91-92) | BAe. Some = ee f Seeseae 90 290-92 
MIPStS Hacc sose oe cases oasis 87-92 87-91 ee esecee | 88-91 87-89 87-89 
Sevondstsss-ceeeecee. sae oo 80-86 80-9025 Le os §3-87 80-88 80-89 
MhindS ees s tae eos ce aay 75-85 amet ce beseak oBee 76-82 75-89 70-76 


* The plus sign (+) indicates that higher scores are included. 
1 At the discretion of a “Butter Committee” the scores required for various grades in the New York 


market are subject to change. 
2 Prime firsts. 
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QUALITY DEMANDS OF TRADE IN DIFFERENT CITIES. 


In order to determine to what extent the “ quality standards” of 
the trade differ in various markets, numerous lots of butter were 
sampled and scored in over 50 of the leading cities in all sections of 
the United States. The standard of quality of the “ general run” of 
the market or the grade of goods which current market quotations 
generally represented was determined by a daily inspection of cur- 
rent arrivals in the storerooms of the wholesale trade. In figuring the 
average or the prevailing standard for any market, the scores of only 
such lots as were acceptable to the higher class of grocery trade in 
those cities were included. To check the inspections in the wholesale 
market, a number of sales were followed through to the consumer. 
The results of these studies of the comparative quality standards of 
the trade in the various important market centers of the United 
States showed differences of two or three points between the prevail- 
ing grades or the standards of the most discriminating eastern mar- 
kets and those of certain western and southern cities. 

In Table 2 the average scores of more than 150 different lots distrib- 
uted among the retail trade of New York, Philadelphia, Chicago, St. 
Paul, and Minneapolis are shown. The first column is the average 
score of the representative lots of all butter sold to all classes of trade, 
and such scores are indicative of the “general run” of the market 
at that season of the year. The second column shows the average of 
lots sold only to the most select grocery trade, and such scores indi- 
cate the compartive standards for so-called “Extras” in those 
markets. 


TABLE 2.—Average scores for lots of creamery butter sold to all classes of trade 
and to select trade. 


[Based on scorings in winter months, 1914-15.] 


All classes Select 
Market. of trade. trade. 
| 
INN? NOOR S @ oa a ee ee Oe See a eee BERS estate Oh EOE See Age a eee 90. 2 91.1 
Estria leila ee eee te eck ae Waa Be ee eo Ue occ e ne Soe ae oe ee eee 90. 8 91.8 
CURD So 5 ad Bd ey Soe Oe eter e ee a ae ee em oi ao ee meen as Ses Be ae 89. 2 90. 2 
PinpeamlandeMinnea pols. 22-22 lsecc-ssecsseee-s- ses BGS (Ce See see 89.1 89.6 


The comparisons of the prevailing standards of the trade in the 
cities named above are based on the scorings of a single expert butter 
judge. This eliminates differences of personal tastes and makes the 
results of the work fairly comparable. 

Although there is difference of opinion with regard to the com- 
parative quality standards of different markets, the experience of 
most creameries has demonstrated the fact that the quality demands 
of the trade are different in different cities. Thus the majority of 
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the country creameries of Minnesota have found that their ship- 
ments to Philadelphia and New York generally bring the highest 
net market returns. On the other hand, a large number of Iowa and 
Wisconsin creameries have found that their net price returns are 
usually the highest in the Chicago market. The tastes of different 
buyers vary, and, in the absence of uniform standards of quality, the 
wholesale price quotations of various market centers are not entirely 
reliable as guides for determining the most profitable market outlet 
for the output of any particular creamery. The only way in which 
a creamery man can determine the market in which his particular 
“make” cf goods will net the highest market return is by the ex- 
periment of “splitting shipments” between different markets. It 
is through such trial shipments that most country creameries have 
selected their established market outlets. 


SEASONAL CHANGES IN MARKET STANDARDS. 


It is a well-recognized fact that the quality of output of most 
creameries varies with the season of the year. If the market standard 
were constant and inflexible, a large portion of the daily arrival 
during the spring season would grade as Extras, but the market 
standards are flexible and change somewhat in accordance with the 
quality of the general run of the current market receipts. Accord- 
ing to the rules and regulations of the New York Mercantile Ex- 
change, Extras may score 91, 92, or 93, according to variations in 
the quality of current receipts at different seasons of the year. The 
exact standard which is to prevail from time to time is determined 
by a committee of the exchange. None of the trade organizations 
of other cities has adopted this “* seasonal sliding scale of standards”; 
nominally they adhere to a constant standard requiring a score of 
either 91 or 93 for Extras. (See Table 1.) A comparison of the 
average scores of lots which were representative of goods regularly 
accepted as Extras in both Chicago and New York showed, however, 
that the actual standards of the trade in both of those markets varied 
with the season of the year. In the winter of 1914-15, according — 
to the scorings of current market receipts, the Chicago standard was 
approximately one point lower than the New York standard, 
although the nominal standard of the Chicago market was 93, as 
compared with a 92 standard in New York. 

The difficulty of comparing Chicago quotations with those of New 
York is further increased by the fact that at certain seasons its trade 
demands change so that its standards are then practically the same 
as those of the New York market. The reason for this is that during 
the season of surplus production of creamery butter the demands of 
storage operators dominate the market situation. Many creameries 
in Minnesota which regularly ship to the New York market consign 
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_ large quantities to Chicago each year during the storage season. 
They have found that on account of the demand for storage opera- 
tions, the requirements of the Chicago market at that season of 
the year are equally as discriminative as those of New York. Since 
at this time the prevailing prices of butter are determined largely by 
the demands of those buying for storage purposes, the quality of 
butter demanded for storage becomes the basis of the current quo- 
tations, and thus the standards for surplus butter in Chicago and 
New York tend to coincide during the season when a large portion of 
current market receipts are bought for storage purposes. 


RELATION OF WHOLESALE PRICES TO JOBBING AND RETAIL 
PRICES. 


Buyers who are expert judges of differences in the quality of 
butter will pay varying prices for different lots which they have 
personally inspected, but the market reporters who collect the in- 
formation upon which the various wholesale price quotations are 
based do not have general access to the records of private business 
transactions between the first-hand market receivers and jobbers or 
retailers. This situation has naturally raised a question as to the 
complete reliability of market reports or price quotations as issued 
under present conditions. The open sales “on exchange,’ which 
serve as a convenient basis for determining current quotations, gen- 
erally amount to less than 5 per cent of the daily market transactions; 
and they are therefore considered insufficient to serve as a fair index 
of prevailing market values. 

To check the relationship of quality to wholesale and retail prices, 
it was originally planned to compare the quality of certain repre- 
sentative lots of butter from known shippers with the prices paid by 
receiver, jobber, retailer, and consumer. Jt was found practically 
impossible, however, to arrange such cooperation on the part of the 
wholesale dealers as would permit the obtaining of reliable data on 
both the quality of butter and the prices at which it was sold in nor- 
mal business transactions. During one week when this was at- 
tempted practically every lot from the creameries cooperating in this 
investigation was reshipped immediately upon its arrival in Chicago 
to jobbers in distant cities. Furthermore, receivers were reluctant 
to give names of buyers and the terms of sale on some lots because 
they feared that to do so might jeopardize their trade relations with 
some desirable customers. 

It was deemed necessary, therefore, to reverse the method of inves- 
tigation by observing the goods sold to retailers under normal market 
conditions. By this method it was possible also to study the quality of 
butter in relation to prices at which it was sold by various representa- 
tive retail dealers located in different parts of the city which catered 
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to various classes of trade. It was found impracticable, however, to 
trace any considerable number of lots from the retailer back to the 
creamery from which it had been shipped, because the creamery’s 
stencil number usually is scraped off the tubs when they are weighed 
and inspected by the first-hand market receiver. 

In Chicago, New York, Philadelphia, Minneapolis, and St. Paul 
an effort was made to check prices actually paid by various represent- 
ative retailers with the current wholesale quotations for different 
grades of butter. To make the findings of these quality and price 
investigations comparable for the different cities, the buying and sell- 
ing prices of all goods were compared with the New York wholesale 
quotations for Extras. No allowances were made for differences in 
freight rates from source of supply to these different cities; hence 
the average premiums paid in Chicago and the Twin Cities are con- 
siderably lower than those paid in New York and PhilaedIphia. In 
fact, for oleomargarine, process butter, and the lower grades of 
creamery butter the prevailing prices were below those of New York 


Extras. 
A comparison of the prices at which different grades of creamery 


butter and their substitutes were sold in New York, Philadelphia, 
Chicago, St. Paul, and Minneapolis is shown in Table 3. The com- 
parison is based on the New York quotations for Extras, and the 
prices are expressed in margins of differences between the highest 
New York quotations and the prices paid by retailers and consumers 
in the other cities listed. Whenever the price was less than the New 
York quotation, the difference is expressed as a minus quantity; that 
is, the figures show the prevailing discount instead of the premium 
at which such goods were sold. 

It is noteworthy that jobbing and retailing prices in general vary 
in accordance with the grade of goods. Table 3 shows, however, that 
the differences in prices of different grades of goods are not the same 
in all markets. In New York 80 lots of Firsts were bought by re- 
tailers at prices which on the average were 1.2 cents below those paid 
for Extras. In Philadelphia and Chicago, however, the differences 
between average prices for Extras and Firsts were 1.7 cents and 0.8 
cent, respectively. Specially advertised brands, with established 
reputations for exceptional quality, were sold at retail at premiums 
averaging from 9.1 cents in New York to 14.2 cents in Philadelphia. 

While there was a general tendency in all markets for prices to vary 
‘in accordance with the quality of butter sold, there were occasional 
exceptions, however, especially in the case of buyers who based their 
judgment of quality mainly upon known stencil numbers or trade- 
marks. For example, in Chicago the average retail price of 14 lots 
of Extras was lower than that of 159 lots of Firsts. 
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TABLE 3.—A comparison of prices at which different grades of butter and butter 
substitutes were sold in New York, Philadelphia, Chicago, St. Paul, and 
Minneapolis. 


[Prices are expressed in margins of differences between highest New York quotations for Extras and the 
prices actually paid by retailers and consumers. ] 


New York. Philadelphia. 
Average price Average price 
y paid above or -|_ paid above or 
Kind or grade. Number| below New York | Average |Number| below New York | Average 
of lots Extras. margins| of lots Extras. margin 
in- of in- of 
spected. profit.! | spected. profit.1 
By re- | By con- By re- | By con- 
tailer. | sumer. tailer. | sumer. 
Cents. Cents. Cents. Cents. Cents. Cents. 
LOD IRIE 3.4 Se ROGER one Beeeee 54 3.8 9.1 5.2 35 5. 4 11.2 6.6 
EDIVESURS = cid Si LY 80 2.6 6.6 4.3 35 Bis ff 8.8 6.1 
Seo OVG I ee Se Sa ee ee 28 1.0 3.9 3.8 24 4 2.3 5.0 
Special brands: jo 222.-c-..- 23 15. 4 21.9 6.5 34 14.2 23. 6 6.9 
Wmclassedes sks Slee 8 2.9 6.9 4.6 9 3.8 9.3 (ei 
Mo talsunys eerste es oe 193 3. 6 8.0 4.7 137 ee 11.9 6.0 
RT OCESSE gn ae 48 as ee §|— 4.4 AS) CIE! REC OSE OBE CBE ol ee nesta Gonricaciee 
Oleomargarine.....-.........- 12 | —12.6 — 6.7 5.8 4/—11.5 |—6.9 6.1 
Chicago. Minneapolis and St. Paul. 
PAYEE TAS ese es Ae se aa ha a he 14 eal 3.0 4.5 37 1,83 6.4 - 5. 4 
MENESES = Vesa ASTOR ee Tate 159 3 3.9 30 219); — .8 4.5 4.8 
ECON GS Saracen chic see e at 107 | — .5 1.9 Bao) 70 | — 3.2 1.6 4.5 
Winclassed ays Sie o ee ae 24/— .3 3.3 3.4 39 | — 1.7 4.4 5.4 
PRO GALS Mee Th Sk due EL 213 | + .05 3.0 3.9 365 | — 1.14 4.12 4. 86 
PROCESS ase Mee eC hs a Pali laa eseisepeae 2/—6.9 |—1.9 5.0 
Oleomargarine..............- 56h —19. Siva age Coal hae a 26 | —14.4 | — 89 5.2 


1 Since both cost and selling prices were not obtained on some lots of butter the averages of prices and 
Margins of profit do not always check. 


Table 3 may not represent accurately the general differences in 
values of different grades of butter at all seasons of the year, because 
market demands and prices for different grades usually vary in 
accordance with changing conditions of the market supply. It is a 
noteworthy fact, however, as has been stated (p. 9), that the present 
published market quotations are not based on the sales records of a 
large number of representative lots of different grades of butter and 
that the open sales on exchange constitute a very small part of the 
total wholesale transactions, and that the prices applying to the bulk 
of the daily market transactions are based rather upon these published 
quotations. 

- RETAIL PRICE LEVELS. 


DIFFERENCES BETWEEN CITIES, DUE TO SPECIAL CONDITIONS. 


A general correspondence of wholesale butter prices in the large 
distributing centers of the United States is shown in figure 2. Tables 
1 and 2 show that the published wholesale quotations upon which the 
price curves in figure 2 are based may not present an accurate com- 
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parison of actual market values of exactly the same grades of butter; 

but either actual or potential competition between numerous cream- 
eries producing in excess of local market demands has tended to 
establish a fundamental level of prices between such market centers. 
The retail prices in some of the cities of the country, however, may 
sometimes be out of line with the basic prices of the larger butter- 
distributing centers: First, because definite and dependable market 
reports on creamery butter are not available for many cities in dif- 
ferent parts of the country; and, second, because country creameries 
generally have no direct trade connections in such cities. Most coun- 
try creameries can choose only between such large wholesale dis- 
tributing centers as New York, Philadelphia, Chicago, and San 
Francisco. There are not many wholesale butter merchants in any 
other American cities who have won the patronage of a large num- 
ber of creameries, and consequently there is little direct competition 
between different creameries for market outlets in a large number of 
different cities. This lack of direct competition between a large num- 
ber of different creameries for various market outlets in various cities 
has enabled certain large centralizer creameries, which maintain 
their own distributing organizations in cities like Denver, Colo., 
Omaha, Nebr., Sioux City, Iowa, St. Paul and Duluth, Minn., De- - 
troit, Mich., Milwaukee, Wis., and Columbus, Ohio, to sell at prices 
which temporarily may be higher than those received by some local 
country creameries. 

Figure 3 compares the prevailing average retail prices of creamery 
butter in some of the larger cities of the United States. These prices 
are based on the reports of representative retail grocers which are 
made monthly to the Bureau of Labor Statistics,) United States 
Department of Labor. Although there are differences in prices re- 
ported by different retailers within the same city, the average yearly 
prices show that, on the whole, consumers generally pay higher prices 
for butter in some cities than in others. 

The variations in the margins between the lines which show the 
retail prices in the various cities and the line which shows the basic 
Chicago wholesale quotation, represent roughly the differences in 
transportation costs from various sources of supply. The combined 
costs and profits of both the wholesale and retail distribution within 
a city, are indicated by the margin of difference between the whole- 
sale price quotations of Chicago and the average of the prevailing 
retail prices in that city. 


COMPETITION BETWEEN COUNTRY CREAMERIES AND CENTRALIZERS. 


As a rule the wholesale prices of centralizer creameries are in 
line with the Chicago quotations, except for occasional increases 


1 Bulletin 84 of the U. S. Bureau of Labor Statistics, entitled ‘‘ Retail Prices of Food, 
1915-1916.” 
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Wig. 3.—Comparison of average monthly retail prices of creamery butter in a number of 
cities with the Chicago basic wholesale quotation for extras. 
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when local competitive conditions permit. During the year 1914, — 
when representatives of the department were investigating market- 
ing conditions in the Middle West, it was found that the creameries ~ 
in St. Paul, for example, were receiving at certain seasons higher 
prices than neighboring country creameries which shipped to Chi- 
cago. More than 375 lots of butter, which were scored in 103 repre- 
sentative retail stores, hotels, and restaurants in St. Paul and Minne- © 
apolis, showed that, for the best grade of country creamery butter — 
in that market, certain retailers catering to a select class of trade 
were paying practically 2 cents per pound more than the usual price 
for the prevailing grades of both country creamery and centralizer 
butter in that market. 

Only a small portion of the total requirements of those two cities, 
however, was supplied by country creameries. Retail grocers gen- 
erally made no attempt to select their purchases on the basis of 
quality. Individual retailers usually restricted their dealings to a 
single centralizer creamery which supplied them regularly two or 
three times a week with freshly churned goods. Some of them 
stated that they believed that certain country creameries could sup- 
ply them with a better grade of butter, but they had found that con- 
sumers generally preferred the attractive retail packages of well- 
advertised brands which were supplied by large centralizer creameries. 
Even though expert judges of butter were able to detect superiority 
‘ in the quality of some of the country “make,” retailers and con- 
sumers generally did not notice any decidedly “off flavors” in the 
brands furnished by the local centralizers. This was because they 
were in a position to deliver freshly churned stock three or four 
times a week. The difference in quality between some country cream- 
ery stock and the current supply of centralizer brands was slight at 
that season of the year. The average score of 120 lots of country 
creamery butter was 89.96, as compared with a score of 89.39 for 220 
lots of centralizer brands. 

Under such conditions it is difficult for country creameries to gain 
a dependable market outlet in cities where certain large creameries 
have developed a demand for their own make of goods. When out- 
side creameries begin to make large shipments to such cities, prices 
are immediately forced down, because of the lack of established out- 
of-town trade connections. Unless creameries of the Middle Western 
States, where butter is constantly produced in excess of local demands, 
establish local concentrating points with facilities for grading and 
storing, and with widely ramifying trade connections in many sec- 
tions of the country, their choice between dependable market outlets - 
is practically limited to such wholesale markets as Chicago, New 
York, Boston, and Philadelphia. 
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EFFECT OF PACKAGING UNDER ESTABLISHED BRANDS. 


As a result of the studies in the retail markets of larger cities in 
his country, it was found that most retailers, as well as consumers 
renerally, do not buy butter on the basis of grades‘ as determined by 
ficial inspectors or expert judges of butter. Being usually unskilled 
udges of quality, they are guided largely by their experience with 
rarious stencil numbers or advertised brands or trade-marks. As a 
esult of this practice, many creamery men whose butter is not sold 
der a distinctive trade-mark have come to believe that consumers 
yay for the brand and not the quality of goods. In Table 4 the 
erage quality scores and retail prices of the different lots of bulk 
nd trade-marked butter found in retail stores are compared. 


‘ABLE 4.—Comparison of quality (average score) and average retail price of 
branded and unbranded butter. 


[Retail prices expressed in margins between prices paid and local quotations for Extras.] 


Branded lots. | Unbranded lots. 
Market. : 
Number | Average Price Number | Average Price 
of lots. score. | margin. | of lots. score. | margin. 
Cents. Cents. 
Guy WOE. - ec Beer caeee See eee 60 91.2 11.1 122 89.8 8. 83 
Wiladel piiareen temas oases ices ns eaiciet 80 90. 8 11.6 21 90. 7 9. 02 
TEES J Genacteee Coane Eee ae 161 89. 6 6.1 68 88.7 4.7 
Peailand Minneapolis... --.2)-..-0---- 230 89.3 5. 18 37 89.7 5. 06 


It will be noted in this table that no definite relation appears to 
xist between quality and retail prices. Except for New York and 
*hiladelphia, where many consumers are exceptionally discriminative 
r appreciative of good quality, there seems to be a tendency for con- 
umers to pay more for trade-marked goods put in print packages 
han for unbranded “ bulk” goods, regardless of any fine differences 
n quality. The average prices given in the table for “print” or 
rade-marked butter for New York and Philadelphia include a lim- 
ed number of “special brands” made from either whole milk or 
ream of an exceptionally high quality. Such “special brands” are 
ot marketed by the usual system of distribution employed by the 
iajority of country creameries, but generally are sold “ direct from 
actory to retailer” or through the manufacturer’s own retail stores 
r delivery wagons. The prices obtained for butter sold under these 
rands, as shown by Table 3, ranged from 8 to 12 cents higher than 
hose of Extras marketed through the usual system of distribution 
r local creamery butter. 


1+ For a description of commercial practices in grading butter, see U. S. Department of 
griculture Bulletin 456, “Marketing Creamery Butter,’ by Potts, R. C., and Meyer, 
[es ie 
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Thus it is seen that while expert judges of quality will pay high © 
prices for butter of exceptional quality and that while the local coun- — 


try creamery marketing system does differentiate between different 


grades of butter, the highest grades do not always retail at the highest 


prices. Many lots of country creamery butter, scoring equally as high 
as samples of “special brands,” were retailed at prices 5 or 6 cents 
per pound lower. 


EFFECT OF DIFFERENCES IN TYPE OF RETAILERS. 


In Table 3 it is shown that some retailers made larger margins of 
profit by selling butter substitutes than they did by selling the ordi- 
nary grades of creamery butter. It is noteworthy, however, that as 
a general rule most retailers took a larger margin on the higher 
grades of butter than they did for Firsts or Seconds. Not all retail- 
ers aim to handle butter at a profit, for many grocers sold butter at 
unusually small margins in order to draw trade for other goods 
which presumably were being sold at fair margins of profit. Table 5 
gives some comparisons in the volume of business, the kind of butter 
and butter substitutes handled, the comparative selling prices, and 
the margins at which butter was handled by different kinds of retail 


establishments. 
MUNICIPAL MARKET STANDS. 


The retail stands in public or central market places had the largest 


average weekly sales. These stands, like the dairy stores, generally © 


sold only dairy products and eggs. Another distinguishing charac- 
teristic of this class of retail stores is that they make no deliveries of 
goods and all sales are for cash. In Philadelphia and New York 
this class of retailers supplied a considerable portion of the more 
discriminating class of consumers who exercise care in selecting their 
goods. The quality of a large portion of butter handled by this 


class of dealers was necessarily exceptionally high to meet the ~ 


demands of their trade. (See Table 5, p. 18.) 


DELICATESSEN STORES. 


Under the class designated as delicatessen stores are included small 
family grocery stores which do not maintain a delivery service and 
whose average weekly sales are comparatively small. In the aggre- 
gate the percentage of the consumers in Chicago and New York who 
secure their butter supply as well as other staple groceries from this 


type of stores is large. Retailers of this class were found to be the — 


poorest judges of quality in the goods they bought, and their average 


buying and selling prices were higher than those of dealers of any — 


other class. In some cities many of these smali retailers have sought 
to overcome this handicap through an arrangement whereby all pur- 
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chases are made by a single buyer who is an expert judge of butter. 
By centralizing their purchasing they also obtain the advantage of 
reduced prices on account of larger purchases. (See Table 5, p. 18.) 


GROCERY STORES. 


For the purpose of these comparative studies all stores which main- 
tain regularly a telephone order department and a daily delivery 
service and which were not units of a chain store system were classi- 
fied as “ grocery stores.” Another important characteristic of this 
class of stores is the fact that they usually carry many of their cus- 
tomers on monthly or biweekly credit accounts. In most cities the 
bulk of all retail sales of butter is made by stores of this type. It 
is noteworthy that the average selling price of independent grocery 
stores was higher than that of retail chain store systems. (See 
Table 5, p. 18.) 


CHAIN STORES. 


The greater portion of the butter supply of Philadelphia is sold 
through chain stores. These stores do not generally maintain a tele- 
phone service, and practically all sales are for cash. The distinctive 
characteristic of the chain-store system is the fact that the purchas- 
ing of all supplies is centralized; and thus “the system” has the 
advantage of having its supplies selected by expert judges of quality 
and reduced prices for large bulk purchases. The investigation 
showed that in Philadelphia this class of stores obtained Extras at 
an average of 2 cents below the prevailing prices paid by other 
classes of retailers. (See Table 5, p. 19.) 


WAGON RETAILERS. 


Retail hucksters or wagon peddlers who specialize in selling dairy 
products and eggs handle an extremely small percentage of the 
butter supply of any city. Special mention of this class of retailers 
is made because a few creameries have been able to obtain an ex- 
ceptionally good price for a good grade of butter supplied in ac- 
cordance with the regular demands of the customers served by them. 
Because of the comparatively small amount of their purchases, wagon 
retailers generally can not buy as cheaply as chain-store operators. 
(See Table 5, p. 19.) 

DAIRY AND FRUIT STORES. 


In New York and Boston a considerable number of small dairy 
stores are operated by fluid milk distributing concerns which also 
sell manufactured dairy products, eggs, honey, and other delicacies. 
In Chicago and other cities fruit stores also sell considerable quanti- 
ties of butter. These two types of stores are classed together for the 


~~ 
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purposes of this study because they sell approximately equal quanti- 
ties of butter, and the terms of sales in each case are cash. Neither 
the fruit nor the dairy stores make deliveries. (See Table 5, p. 19.) 


HOTELS, CLUBS, AND RESTAURANTS. 


Clubs, hotels, and restaurants are not retailers of butter, but rec- 
ords of purchases of this class of “wholesale consumers” of butter 
were obtained for purposes of comparison with those of retailers. 
The quality of the butter purchased by New York and Philadel- 
phia restaurateurs was comparatively much better than that. pur- 
chased by those of Chicago, Minneapolis, and St. Paul. Some well- 
known hostelries were able to buy at relatively low prices because of 
the advertising value of their patronage to the jobber. (See Table 
5, p. 19.) 


TABLE 5.—Proportionate sales of butter and oleomargarine in relation to aver- 
age cost prices and margins of gross profit of retailers and hotels, ete. 


15 REPRESENTATIVE MUNICIPAL MARKET STAND RETAILERS IN NEW YORK AND 


PHILADELPHIA. 
Per cent | ea 
Average | Retailers?” 
Commodity sold. weeny ote cost gTOSs 
Cea price.2 | profit. 
Peunds. | Per cent Cents Cents. 
Common creamery butter sold in bulk............-......--..-- 1,043 45 AD, 6.13 
Common creamery butter sold in trade-marked cartons.......-. 742 32 4,2 7.96 
Special quality brands sold in cartons.........-.-.-...--------- 533 23 16.0 5.13 
Motalstoriall/ereamery, butter s2a22 = s8e- ees oe eee <i 2,318 100 13.2 6.4 
IPROCOSSHO LULL, = =i ei te eee ete ae oe ae ce -ie Soeeeciees 0 0) sacha es eel ee ses Eas 
Oleomargarine: (cess -.) saseeeeac aes ace eae serine © = + Lebemer ice gol) Oe eres Seo eee eters 
110 REPRESENTATIVE DELICATESSEN STORES IN NEW YORK, PHILADELPHIA, CHI- : 
CAGO, ST. PAUL, AND MINNEAPOLIS. | 
| 
Common creamery butter sold from tubs....-..-..-..-...------ 26.5 32 Det | 3.0 
Common creamery butter sold in trade-marked cartons.......-- 45.6 55 6.0 4.7 
Special quality brands sold in cartons.............-.-.-.------- 8.3 10 14.0 5.0 
otalsfor-all/creamerysbubter=sa-22erenseees-- 1s 2-2 80. 4 97 9 4,2 
Process DUtions eee ee Oe en lees. Aes | a ieeeties .8 1 = 2D Baz 
Oleomiarvarine te ese so a cee eee acts Sse assesses sisisiioceee eels 1.6 2 = 113, 7/ ao 
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Common creamery butter sold in bulk. -............-......---- 126 33 222 3.6 
Common creamery butter sold in trade-marked cartons.......- 214 56 4.0 5.4 
Special quality brands sold in cartoms......-...-..-..-.-------- 8 2 20.0 6.9 ; 
Total for all creamery butter...............-.2-2--2-20-0- 348 91 8.7 5.3 
TEOCOSH OMNIS 5 SAS 2.con5 - acto a gd opEdbS SO SsOSOUEEDESOCOTSEr 4 1 = 7A 6.9 
Oleomanranine =e -Pee seen eEeereeaer reer = =a ao-. cee eee 30 8 Si 4.9 : 
4 
1 Average per retailer. ‘ : . a 
2 Prices are expressed in margins of differences between cost prices of all grades of butter and oleomargar- 


ine and the highest New York quotations for Extras on the date of purchase. Proper allowance for trans 
portation costs were made in cases of purchases in Chicago, St. Paul, and Minneapolis. 


PRICES AND QUALITY OF CREAMERY BUTTER. 19 


Tarte 5.—Proportionate sales of butter and oleomargarine in relation to aver- 
age cost prices and margins of gross profit of retailers and hotels, etc.—Con. 


36 CHAIN STORES IN NEW YORE, PHILADELPHIA, CHICAGO, ST. PAUL, AND 


MINNEAPOLIS. 
} Per cent : 

Z : Average | Retailers 

Commodity sold. Week: oivoral cost gross 

. SOS = price.2 | profit. 

Pounds. | Per cent.| Cents. Cents. 
Common creamery butter soldin bulk..-...........--..-------- 494 54 0.7 3.0 
Common creamery butter sold in trade-marked cartons-..---.-- 329 36 L9 31.83 
Special quality brands sold in cartons........-.-.-.--..--.----- 0 Ojkossciges Hee Eae eee 
Motalionaleream ery Duttere. a=. - 2s 2-226 =ososeeeaeeee 823 90 1.3 3.1 
9 | i SO 4.0 
82 9 —11.5 5.2 

9 WAGON RETAILERS IN PHILADELPHIA, ST. PAUL, AND MINNEAPOLIS. 

Common creamery butter sold in bulk...........--..-...------ 485 49 2.2 5.0 
Common creamery butter sold in trade-marked cartons......--- 346 35 5.5 6.0 
Special quality brands sold in cartons...........-...-.--------- 158 16 | 15.0 5.0 
Moralionallcreamery Putten. -- 5225 5-- - === ---seseeee = 989 100 7.5 | 5.3 
TORO SSAPILEE LOL MOE eee oe Oe ec cess ltt ins 2... 2 ete: 0 | Cie ees cace eaeae 
CLEGine is igi hy RE SESS A ES ae Oe or SE aeeeneS Cer ae «Bee 0 On eh seeee. | eRe Sapieions 
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Common creamery butter sold in bulk...........--.-.--------- 826 61 2.3 4.5 
Common creamery butter sold in trade-marked cartons...---.-- 244 18 5.3 5.9 
Special quality brands sold in cartons..........-..---.--------- 26 2 13.2 8.3 

Hetaltonallicreamery DUGiEM=222-- i+ <2 J... 2 Seceesee- cee 1,096 81 6.9 6.2 
IEOCESSIII ULCER Sess aco 5 ees dese ceaee eae os See.cd eee scene 13 1 — 6.0 5.0 
Ray ecarry caren ese ee ies aan aL 2 ET age 244 18 | —14.0 4.9 
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| Per cent 
- - Purchased Average 
Kind of commodity purchased. iz of total | d 
weekly.4 | purchases. | cost price.3 
Pounds. | Per cent. Cents. 
Common creamery butter purchased in bulk............-......--..- 14.0 15 —1.5 
Common creamery butter purchased in trade marked cartons. .--..- 74.5 81 —0.8 
Special quality brands purchased in cartons.........-.....-.---..-- 0 O} |Feseesesieea 
JERNGESS 1OUIN ES A SBS Soe SS oe ena i aes sa. UIs eo Se 3.6 4 —7.8 
CONGEST ANTE 35 25.5) rec ee en eS ee RRL et eRe ee CNet py 0 (| eee cae — 


1 Average per retailer. 

2 Prices are expressed in margins of differences between cost prices of all grades of butter and oleo- 
margarine and the highest New York quotations for Extras on the date of purchase. Proper allow- 
ance for transportation costs were made in cases of purchases in Chicago, St. Paul, and Minneapolis. 

3 Average per restaurant. 


SUMMARY OF RETAIL SALES RECORDS. 


Table 5 shows that oleomargarine, process butter, and special 
brands of creamery butter in most cases constitute only a small por- 
tion of the total sales of all kinds of butter and butter substitutes. 
Different stores within the same class of retailers handle different 


°20. BULLETIN 682, U. S. DEPARTMENT OF AGRICULTURE. 


“makes” or “brands,” but there seems to be a tendency among 
groceries and delicatessen stores to give preference to well-known 
and widely advertised brands. This is shown by the proportion of 
common creamery butter which is sold under advertised brands. 
The greatest portion of “special brand” butter was sold through 
high-class grocery stores, central-market stands, dairy stores, and 
wagon retailers. The largest sales of oleomargarine were made by 
certain retail fruit stores in Chicago. 

From the records of retail grocery stores and wagon dealers, who 
sold largely “on credit” to over 20,000 families, it was possible to - 
compare the weekly butter purchases of various classes of trade, in- 
cluding the poorest and the most well to do. The average weekly 
consumption per family for the different classes of trade was as fol- 
lows: Poor class, 1.48 pounds; middle class, 1.97 pounds; well-to-do 
class, 1.60 pounds. The average weekly purchases of the middle- 
class customers of New York were somewhat larger than those of 
the other cities in which these studies were conducted. It is im- 
portant to note that these figures were based on the current sales 
during the winter season, when butter prices are the highest of the 
year. There was evidence to show that during the season of decreased 
prices many families buy butter which do not use it in winter, and- 
that many familes which use butter the year around increase their 
average weekly purchases during the season of reduced prices. 

The average prices of common creamery butter sold in retail 
stores that catered mainly to the poorer classes of laboring people 
were generally higher than the prices charged by stores whose 
customers consisted mainly of the better paid class of workingmen, 
clerks, and professional people. This may be explained, in part at 
least, by the fact that the stores serving the poorer classes of work- 
ing people were mainly of the delicatessen or the small corner 
grocery type, which were usually unable to buy as cheaply as those 
retailers who purchased their supplies in comparatively large 
quantities. 

CONCLUSIONS. 


There are considerable differences in the prices of creamery butter 
in different cities of the United States, but the wholesale prices in all 
cities follow rather closely the current wholesale prices at which the 
surplus production of the creameries of the Middle West is sold on 
the larger wholesale markets. Differences in distance from the 
sources of supply to the various markets, and hence in transporta- 
tion costs, account for most of the wholesale price variations between 
different cities. There are variations in prices paid by different mer-_ 
chants in various cities, however, which find their explanation in the 
differences in consumers’ tastes and buying powers. 
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An important function of an efficient butter marketing system is to 
effect such a distribution of the various grades of butter produced in 
various parts of the country that the product of each factory may be 
sold in the particular city or section of a city where it will bring the 
highest return to the producer. Improvement in sources of market 
information would facilitate such an equitable distribution of the 
output of more than 4,000 creameries which are individually too small 
to maintain their own sales organizations in distant markets. Under 
the prevailing system of marketing country creamery butter, however, 
market returns to creamerymen are based upon market quotations 
issued by market reporting agencies, and a method of grading which 
is controlled by the wholesale butter merchants themselves. A system 
of butter inspection and grading operated under the supervision of 
the Federal Government,’ available to shippers of creamery butter 
and wholesale and retail distributers, would tend to facilitate the mar- 
ket distribution of creamery butter on an equitable quality basis. A 
market-reporting service on creamery butter was recently established 
by the Bureau of Markets of the United States Department of Agri- 
culture; and many creameries and wholesale market receivers are 
relying upon the daily market reports issued as a basis for guiding 
their marketing operations. The price reports? issued by the Bureau 
of Markets are based upon actual sales of various lots of butter of 
different grades of quality, and an average price is quoted for each 
score rather than a range of prices covering the scores included within 
the different market grades. (See Table 1.) 

These studies of quality and prices of creamery butter show that 
the highest retail prices are paid for creamery butter which is sold 
under a trade-mark or brand that is generally recognized among con- 
sumers as a guaranty of uniform excellence of quality. Generally, 
however, only those creameries which are located in large cities or 
whose outputs are sufficient to enable them to establish their own mar- 
keting organizations in distant centers of population have been able 
to arrange to have their butter sold under their own distinctive 
brands or trade-marks. The unusually high prices obtained for cer- 
tain “special brands” of butter sold in Philadelphia and New York 
suggest the possibility of increasing greatly the market returns of 


1Authority for establishing such an inspection service was provided for in H. R. 4188, 
Sixty-fifth Congress, approved Aug. 10, 1917. 

2The Bureau of Markets’ price reporting service on creamery butter was authorized 
by Congress in H. R. 4188, Sixty-fifth Congress, which provided for “enlarging the 
markets news service” of the Bureau of Markets as a war-emergency measure. Branch 
offices have been established in the four important wholesale butter markets—Boston, 
New York, Philadelphia, and Chicago—and through these offices and others to be estab- 
lished, daily butter-market bulletins showing both wholesale and jobbing pfices of 
ereamery butter in these markets, the cold-storage movement, and supplies of fresh 
butter on the market are issued. These bulletins are distributed free to all who make 
requests for them. 
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creameries making “ States Brand Butter,” provided such butter is 
sold to the consumers under the exclusive brands of the creameries. 

Retailers and consumers might also, with advantage to themselves, 
improve their buying methods. Small grocers and proprietors of 
delicatessen shops often pay higher prices for butter of compara- 
tively inferior quality than iarger dealers pay for butter of choice 
quality. Cooperative buying associations among the retailers of 
some cities in which an expert judge of butter quality does the buy- 
ing have overcome some of the difficulties encountered by retailers 
who buy as individuals in competition with the larger retailing 
organizations. 
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IMPORTANCE. 


Elm is one of the important commercial woods of the United States. 
It is important, however, not so much because of the amount con- 
sumed annually, for 8 or 10 hardwoods and an even greater number 
of softwoods are used in larger quantities, as because it has qualities 
which make it especially desirable for bent work and for uses in which 
it is subjected to shock or impact and rough usage in general. It is 
particularly suited for slack-cooperage stock, certain parts of vehicles, 
baskets, and crating. 


COMMERCIAL SPECIES. 


The following five species produce the supply of elm wood in the 
United States: White elm (Ulmus americana), slippery elm (Ulmus 
fulva), cork elm (Ulmus racemosa), wing elm (Ulmus alata), and 
cedar elm (Ulmus crassifolia). The proportion which each con- 
tributes to the lumber industry is not known, since they are often 
mixed together and are all generally listed as “elm” in reports of 
manufacturers of elm lumber and elm products. 

White elm is by far the most important species in the production 
vi elm wood. It often goes under the name “gray elm”’ in the Lake 
States, and in foreign countries 1s called “American elm” and “Cana- 
dian elm.” 
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Slippery elm is so called from its thick mucilaginous inner bark, 
which distinguishes it from the other elms. The name ‘‘red elm” is 
also applied to it. This species is second in importance. Since the 
wood is quite similar to white elm and the tree is found in practically 
the same regions, it is generally marketed with white elm under the 
same name. 

Cork elm, which takes its name from the corky excrescences or 
erowths on the twigs, is also an important commercial species. It is 
called ‘‘rock elm” in the trade. This name is also applied to hard, 
dense, rapid-growth wood of other species; in fact, very dense wood 
of any species of elm is called rock elm, and the softer, more porous 
wood is called “soft elm.” Very porous elm wood is often termed 
“water elm” or “swamp elm.” 

Wing elm takes its name from the corky growths on the twigs 
similar to those on cork elm, which in this species are thin and wing- 
like. Wing elm is of small importance commercially. 

Cedar elm, often called ‘‘red elm”’ and in Arkansas ‘basket elm,” 
is utilized only in a small way, and much of it is not large enough to 
manufacture into lumber. 


CHARACTERISTICS OF THE WOOD. 


GENERAL APPEARANCE. 


The heartwood. of elm is light brown, often tinged with 'red; the 
sapwood is lighter. The wood has a fairly distinct and somewhat 
attractive figure, which is due to bands of pores occurring at the 
beginning of each annual layer of growth. This figure is incon- 
spicuous in rock elm because of the smaller size of the pores. The 
figure varies considerably with the width of annual rings, wood with 
annual growth layers moderately wide usually yielding the most 
attractive material. Radial cuts do not give the quartered effect 
of oak because of the comparatively narrow pith rays. Tangential 
surfaces present the most pleasing appearance. 


MECHANICAL PROPERTIES. 


The wood of all species of elm is in general heavy, hard, strong, 
and has in a high degree the ability to withstand shock. It is difficult 
to split, except shppery elm. It shrinks moderately in seasoning, is 
one of the best woods for bending, and takes a good polish. Table 1 
gives the properties of the three principal elm woods expressed in 
comparative terms. Table 2 shows the results of tests to determme | 
the mechanical properties of the elms, with data for several hickories 
included for comparison. The table also gives the values of these 
woods compared to oak. Similar data for wing and cedar elm are 
not available. Table 3 gives, for different elms, the average com- 
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puted weight of 1-inch lumber, the weight of a cord of wood, and the 
weight of logs per thousand board feet as scaled by the Doyle and 
Scribner log rules. In this table the cord is calculated as being 
composed of 90 cubic feet of solid wood. The weight adopted by 
the Hardwood Manufacturers’ Association of the United States for 
rough white elm lumber 1 inch thick is 3,200 pounds per thousand 
board feet. Comparison of this with the figures given in Table 3 
shows that the association weight is for lumber in a partially air-dry 
condition. A weight of 3,200 pounds per thousand board feet cor- 
responds to a moisture content of about 16.4 per cent, and air-dry 
wood usually varies between 12 and 15 per cent. Simularly, the 
weight adopted by the same association for rough cork elm lumber 
is 3,800 pounds per thousand, which is somewhat higher than that 
given in Table 3. 

In general, cork elm has higher strength values than white elm, 
and slippery elm has values between the two. Both white and 
slippery elm have lower strength values than white oak (excepting 
the shock-resisting ability of slippery elm), particularly in com- 
pression perpendicular to grain and hardness. The values for cork 
elm do not vary greatly from those for white oak, except in shock- 
resisting ability, which is much higher in cork elm. The elms all 
rank lower than the hickories in mechanical properties. A good 
quality of cork-elm wood should, however, make a fairly satisfactory 
substitute for hickory where these properties are of first consideration, 
as for long heavy handles, the running-gear parts of light vehicles, 
eveners, etc. 

Elm is a fairly durable wood. The estimated average life of un- 
treated elm lumber in the United States in situations exposed to the 
weather is from 6 to 8 years. The durability of any individual stick, 
however, may vary from this figure, depending on the quality of 
the wood and the moisture conditions. White elm is said to be 
somewhat less durable in contact with the soil than slippery elm. 
It is highly desirable to treat elm where it is to be used in exposed 
situations. By proper treatment with creosote its life may be 
lengthened to 20 or more years. 


TasBLE 1.—Properties of elim woods expressed in comparative terms. 


Property. White elm. Slippery elm. Cork elm. 
UGTA NG |e Be eM Moderately heavy-.....- Moderately heavy-.....- | Heavy. * 
lpia cee ee Moderatee seer ae Moderate.-.....----- ES ; Moderate. 
Dimonenipee ee Moderately strong..----- Moderately strong....... | Strong. 
MSHIRIMIES Sees se sn Moderately stiff ........- Moderately stiff.....--_- | Moderately stiff. 
Elardinessse ss ney ale Moderately hard ...-..-- Moderately hard --.-.--- Hard. 
Shock-resisting ability ....| Good..-...........---.-- CG Koya yo LE si ee Pe ae TA ea Excellent, 
Wleavability. 2922 -h-e222- POOR ae eee ak ae aes C0) se Ue ae See oe ee Poor. 
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TaBLe 3:—Computed weights of elm in different forms. 


1,000 board feet of logs. 


1,000 ee 
’ 9 | 
feet * : i 
: cubic | Doyle log rule: diameter of logs| Scribner log rule: diameter of 
Kind of elm. Be eee feet (inches) — i logs (inches)— 
soli 
lumber. WOOG) slincn pin au epee a Cainer cnn| ean ae: 


6 12 18 | 24 6 2S 24 


Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

White elm, green....| 4,300] 4,700 | 55,600 | 12,000) 8,400} 7,100} 12,400| 9,700} 7,700 7,000 
White elm, air-dry--} 2,900 3) 200 37, 400 8, 100 5, 600 | 4,800} 8,300} 6,500; 5,200 4,700 
Slippery elm, green..| 4,700] 5,000 59,900 12? 900 9, 000 | 7,600 | 13,300 | 10,506 | 8,300 7, 600 
Slippery elm, air-dry} 3,200} 3,400 | 40,600 8. 800 6, 100 | 5,200} 9,000) 7,100/ 5,600 5, 100 
Cork elm, green...-. 4°500 | 4/900 | 57,700 | 12’400 | 8,700] 7,500) 12’800| 10,100; 8,000| 7,300 
Cork elm, air-dry.-..| 3,700} 4,000 | 48, 100 10; 400 7, 200 | 6,100 | 10,700} 8,400; 6,700 6, 000 


STRUCTURE OF THE WOOD. 


Elm belongs to the group of ring porous woods, the beginning of 
each ring or layer of growth containing a band of more or less con- 
spicuous pores. Throughout the rest of the growth ring there are 
smaller pores arranged in more or less continuous wavy lines. These 
wavy lines are of assistance in distinguishing elm from other ring 
porous ‘woods, such as the hickories, ashes, oaks, and chestnut. 
The medullary rays are narrow and not visible to the unaided eye. 
In hackberry and sugarberry, which resemble the elms in structure, 
the rays are visible. The number, size, and arrangement of large 
and small pores serve to distinguish the wood of the different species. 
Slippery elm (PI. I) has several rows of large pores, and the small 
pores are in somewhat interrupted wavy lines. In the other species 
of elm there is a single row of pores at the beginning of each annuai 
ring. In cork elm (Pl. II) these pores are much smaller than in 
slippery and white elm (Pl. III), and the small pores are in very 
distinct, fairly continuous, wavy bands. 

The following key may be used to distinguish the three principal 
elm species... The characteristics mentioned may be seen on a 
smoothly cut cross section. A hand lens is an efficient aid in applying 
the key. 


Pores of late wood arranged tangentially in conspicuous wavy, usually continuous, 
bands, the pores minute. 


A. Rays very distinct to the unaided eye; heartwood indistinct, color yellowish. 

HACKBERRY, Celtis occidentalis. 

SUGARBERRY, Celtis mississippiensis. 

B. Rays barely visible to the unaided eye; heartwood distinct, color reddish brown. 
1. Pores of early wood in a band 3 or more pores wide. 

Rep or Surppery Exim, Ulmus pubescens. 


1 Wing elm is similar in appearance to cork elm, except that the bands of small pores are about as 
wide as the intervening spaces. Cedar elm may be distinguished by the very indistinct row of pores 
at the beginning of the annual ring. 
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2. Pores of early wood in a single tangential row. 

a. Pores of early wood comparatively large, forming a continuous row; 
bands of small pores numerous, usually about as wide as the inter- 
vening bands of dense tissue. Wood moderately hard and heavy. 

Wuire Exim, Ulmus americana. 

b. Pores of early wood minute, individual pores scarcely visible to the 
unaided eye, often rather widely separated; bands of small pores not 
so numerous as in white elm, narrower than the intervening bands 
of dense tissue (except in narrow rings). Wood very hard, heavy, 
Mensewiegy Wise pe iia) to ee Corx or Rock Erm, Ulmus racemosa. 


SUPPLY AND DEMAND. 
RANGE AND SIZE OF SPECIES. 


The botanical range of white elm includes nearly all of the region 
east of the Rocky Mountains (fig. 1). The area of principal com- 


aay 


Fig. 1.—Distribution of white elm (Ulmus americana). 


mercial importance, however, is southern New England, the Great 
Lakes States, and the southern Mississippi Valley. White elm is 
the largest of the elms, frequently attaining a height of from 100 
to 120 feet, with a buttressed trunk from 6 to 10 feet in diameter. 
The range of slippery elm (fig. 2) is nearly as great as that of white 
elm and includes practically the same territory. Slippery elm is not 
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abundant, however, in any part of its range; the trees are scattered 
throughout the forest and the average size is small. The slippery 
elm tree grows to a height of from 60 to 70 feet, with a trunk rarely 
more than 2 to 24 feet in diameter. The range of cork elm is much 
more limited than that of white and slippery elm (fig. 3). It does 
not extend farther south than Tennessee, and throughout a large part 
of the region of its distribution it is not important commercially. 
The tree attains a height of from 80 to 100 feet and a trunk diameter 
of from 3 to 4 feet. Wing elm grows in southeastern United States 
(fig. 4). It is commercially important in the western part of its 


Fig. 2.—Distribution of slippery elm (Ulmus fulva). 


range, chiefly in Missouri, Arkansas, and southeastern Texas. It 
rarely has a greater height than 60 feet or greater trunk diameter 
than 2 feet. Cedar elm occurs from southern Arkansas to Mississippi 
and in Texas. It reaches its best development in southern Arkansas 
and northeastern Texas, where it grows to a maximum height of 
90 feet and a maximum trunk diameter of about 3 feet. It is fairly 
abundant in some localities in Texas. 


SUPPLY. 


The principal supply of elm has come from the States bordering on 
the Great Lakes, but logging and agriculture have greatly reduced 
the stand. Siren and Michigan still furnish a large supply of 


Bul. 683, U. S. Dept. of Agriculture. PLATE I. 


TRANSVERSE SECTION OF THE WOOD OF SLIPPERY ELM; MAGNIFIED 20 
DIAMETERS. 
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TRANSVERSE SECTION OF THE Woob OF CORK ELM; MAGNIFIED 20 
DIAMETERS. 
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TRANSVERSE SECTION OF THE WooD OF WHITE ELM; MAGNIFIED 20 
DIAMETERS. 


Bul. 683, U.S. Dept. of Agriculture. PLATE IV. 


Fic. 1.—SHOWING MACHINE FOR MAKING BUSHEL BASKETS, 
SPLINTS IN CIRCULAR FORM READY FOR BENDING ON 
MACHINE, HOOP AND FINISHED BASKETS. GRAIN BASKET 
IN FRONT. 


Fig. 2.—ELm Rims USED FoR CHEESE BoxES AND ROUND MEASURES, READY FOR 
SHIPMENT. 
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the three important species. There is yet considerable standing 
timber of white elm in these two States, and one of the principal 
sources of supply is the northern third of the southern peninsula of 
Michigan. A large part of the total supply of cork elm also comes 
from the southern parts of Wisconsin and Michigan. This species 
of elm is being exhausted much more rapidly than the others. 

So much of the forest timber has been removed in the Great Lakes 
region that factories requiring a large supply of cheap elm timber 
have in many cases been forc3d to discontinue operations there. 
Future supplies in this region must come largely from woodlots and 
small timber holdings. 


Fic. 3.—Distribution of cork elm (Ulmus racemosa). 


There is considerable standing white elm in the southern Mississippi 
Valley region, where it has only recently been exploited to any great 
extent. Arkansas is now one of the principal sources of white-elm 
timber, but factories in that State which demand large quantities of 
elm in the log are already complaining that they have considerable 
trouble in securing a sufficient supply. Many of such factories have 
removed farther south to Mississippi and Louisiana. These two 
States have been yielding increasing amounts of elm saw timber 
each year and must be depended on for a large part of such timber 
in the future as well as a supply in log form for elm-using factories. 

The elm timber of the southern Mississippi Valley region, in gen- 
eral, seems to differ in quality from that obtained in the Great 

50425°—18—Bull. 683-2 


10 BULLETIN 683, U. S. DEPARTMENT OF AGRICULTURE. 


Lakes region. The southern elm is darker, usually reddish, and 
often variable in color, in contrast to the more uniform and lighter- 
colored northern elm. The darker and more variable color is not 
sought in the manufacture of some products, such as high-grade 
baskets, in which a white, clean appearance is desired. The south- 
ern elm also seems to be more defective, so that there is greater waste 
in manufacture. It has the reputation of being more brash and less 
strong than the northern elm, although probably considerable vari- 
ation in these qualities would be found in material from any one region. 

The stand of privately owned elm timber in Michigan, Wiscon- 
sin, and Minnesota was estimated by the Bureau of Corporations in 


Sra 
ome: 


aS 


Fic. 4.— Distribution of wing elm (Ulmus alata). 


1907 to 1909 ' to be 3,700,000,000 ? board feet. These three States 
yield nearly one-half the elm saw timber produced in the United 
States. Assuming that the annual cut throughout the country is in 
proportion to the stand, it follows that there is a total stand of approx- 
imately seven and one-half billion feet. This would furnish a supply 
for approximately 30 years at the present rate of cutting. This does 
not take into account the manufacture of products other than elm 
lumber, such as slack cooperage, which are made directly from the 
log. Economic conditions in manufacture change so largely from 
year to year that any estimate regarding the probable exhaustion of 
the supply is unsafe. It is estimated that about three-fourths of the 


1 Report on the Lumber Industry, Part I, Standing Timber, 1913, -page 78. 
3 Michigan, 2,100,000,000; Wisconsin, 1,500,000,000; Minnesota, 100,000,000. 
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total amount of elm used is white elm, and it is probable that the 
proportion of the stand does not differ greatly from this figure. 
This would place the stand of white elm at about five and one-half 
billion feet. 

No estimate can be made of the stand of slippery elm. It is cut in 
the same region as white elm. ‘The trees are scattered throughout 
the forest, and the lumber is manufactured and placed on the market 
mixed with white elm. The stand of cork elm is likewise unknown. 
On account of its limited distribution and the heavy demand upon 
the supply it is rapidly diminishing. 

The supply of wing elm and cedar elm is small, and these species 
are of commercial importance only in small restricted areas. Wing 
elm is evidently fairly abundant in certain locations, since an annual 
use of approximately a million feet has been reported in Texas, and 
probably more than that is used in each of the States of Missouri, 
Arkansas, Mississippi, and Louisiana. The stand of cedar elm is 
even less than that of wing elm, and it is used for local manufacturing 
purposes only. The wing and cedar elm trees are not usually larger 
in diameter than 2 feet, and the cedar elm is inclined to become 
shrubby in situations unfavorable for its growth. 


LUMBER CUT. 


The present output of elm lumber is about 240,000,000 board feet 
annually. This puts elm twentieth in rank among all woods and 
tenth among hardwoods in point of lumber production. 

For the past 10 years elm has constituted between 3 and 34 per cent 
cf the total amount of hardwood lumber manufactured in the United 
States and between 1 and 2 per cent of the total of all woods. The 
amount of lumber cut does not represent the entire amount of wood 
used, since many woods are utilized by different industries largely in 
the form of the log or billet, and the amount so used is not reported 
aslumber. ‘This is true to a certain extent of elm. Table 4 gives the 
production of elm lumber for different years by States. According to 
these figures, the production of elm lumber is decreasing rapidly, 
Nearly 3474 million feet were reported in 1909, about 262 million feet 
in 1912, and alittle less than 178 million feet in 1915. However, there 
has not been a reduction in cut to the extent indicated by these figures, 
since the returns for years subsequent to 1909 are incomplete. This 
is shown by the computed total cut for 1916 of 240,000,000 feet. 
Table 5 shows the number of mills reporting elm for different years. 
Wisconsin and Michigan have been the leading States in the produc- 
tion of elm lumber for the last decade. There has been a decided 
decrease in production in New York, Ohio, Indiana, Illinois, Iowa, 
and Missouri. Arkansas, Louisiana, and Mississippi, on the other 
hand, have been producing increasing amounts. In Kentucky and 
Tennessee the production has been rather constant. 
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TaBiLEe 5.—Number of mills reporting lumber cut of elm in the different States. 


State. 1905 1907 1908 1909 1910 1911 1912 1913 1914 1915 
Rotalerm nee espe nie 1,937 |13,400 |14,771 | 8,028 | 5,785 | 5,159 | 5,573 | 3,034 | 2,665 | 2,730 

KWHISCONSIN Sete css Scene eee oe 254 199 569 680 545 492 502 315 265 264 
INIGINGENNS aes a aaes on oaeeoee 254 175 504 700 567 515 488 305 208 217 
BAIICATISAS Sees. Se eres 54 136 107 220 126 100 119 69 68 72 
NNW aT Ae as A ts ero 299 605 666 914 648 537 597 307 329 293 
ORION ere es ee eee 316 520 620 920 650 575 301 319 
ING Wa KiOb ase), = Sse ae eeserlll- a= chars (2) (2) 850 605 696 640 570 
MASSOUD ee ae. ence one 72 283 388 810 527 445 175 135 
Mennesseesiee esac): eee ellie Se 161 236 400 293 220 169 116 
ILOWISEIN eased essseseacseass| eases a 11 28 21 18 30 26 
IMISSISSUD Plles= eee cacesc eee | sees a 74 86 77 57 51 49 
WTI ESO Hae ers eee ec s osc cre 66 195 298 236 211 61 60 
NNN, 532535 SES hae ee || 296 320 436 281 231 86 63 
NENG C ky nee ene etn ne ae eee 212 245 395 286 218 33 79 

Oe o SS SOE Se erry elec (emer eee a 89 282 146 137 21 64 
Rennsylvaniayescte ose e |e es 221 236 308 204 197 78 119 
Wiermon teers F- ss ae ile eees - a 119 134 130 125 43 7 
IM ISITE) aa sa os eh oat te ae 78 80 64 60 10 53 
ROXAS Baer sae ee eee setae oe os 10 21 13 18 7 9 
ORV Ora ee eek 64 88 71 60 20 17 
Northi@arolinas <2) =. 8 one 2 23 12 
IWiESEBVAIT INI as ace e ee na 8-25] Se eae 
Georgia. . - 
Alabama. -. 
New Jersey. .- 
South Carolina 

Inpinia-. =... 
Connecticut. - 
Massachusetts. - - 
New Hampshire 
Maryland ......... 
Rhode Island. . - 
Florida....... 
Delaware - 
Wit aera ene i 
SOHO IDG WE cose seoecasees 
Kansas and Nebraska...---- [ered a 3 3 6 4 9 5 7 Ware a” 
JNU @GOGHSES Seb abospensoesaee 3 688 By 2G ae yee es ease es ae ere eet yore reve oral Sc spc rapes eect |e peer 
1 New York not included. 3 Including 26 other States. 
2 No report. 4 Including those marked ‘‘a’’. 


AMOUNT CONSUMED. 


Since little elm is used in the rough for building construction, ties, 
poles, ete., practically all of the elm timber cut (except that used for 
fuel) eventually reaches the factory, in the form either cf logs or 
lumber, to be manufactured into various products. The annual 
demand for elm by factories in the United States, according to the 
most recent statistics, amounts to about 365,000,000 feet board meas- 
ure, including all forms of raw material. This figure applies more 
particularly to the year 1911. There has probably been some diminu- 
tion in the amount used since that time on account of the waning 
supply. Considerable elm wood is used for fuel each year, but no 
estimates are available. 

Table 6 shows the amount of elm used in the factories of each 
State. The States bordering the Great Lakes, also Missouri and 
Arkansas, use the largest amounts. Kentucky, Tennessee, Missis- 
sippi, and Louisiana use considerable elm. A comparison of Tables 
4 and 6 shows that in general those States leading in lumber pro- 
duction also lead in amounts used by factories, indicating that 
industries using elm do not generally get their raw material at any 


e 
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great distance. In the case of Pennsylvania, however, where the 
lumber cut of elm is small, manufacturers reported that 90 per cent 
was secured from outside the State. In Illinois at least 70 per cent 
came from outside, mostly from Michigan and Wisconsin. In New 
York 50 per cent of the raw material was not native to the State. 
In such States as Ohio, Indiana, and Missouri, where the lumber cut 
has decreased considerably in: the past few years, the use of elm 
by factories is no doubt much less at the present time than is indicated 
in the table. In Arkansas, Mississippi, and Louisiana, on the other 
hand, the amounts consumed have doubtless increased recently. 
Many factories of Michigan and Wisconsin, especially hoop and 
basket factories which use material in the log, have moved to the 
lower Mississippi Valley during the past few years to get a sufficient 
elm supply. 


TasLe 6.—Annual consumption of elm in factories, by States. 


State. Feet B. M. State. Feet B. M. 
Michigan......-- 79,105,951 || Maryland 592, 000 
Ohio _..| 59,229,054 || Alabama 570, 000 
Wisconsin ...| 42,193,400 |) Vermont 569, 625 
Illinois 38,308, 000 |} Virgimia.............. 445, 5817 
Indiana 4s D1 Se20r || AVWIES LAVAL EU a sey=ee ees ae 204, 000 
Arkansas 22,567,000 || North Carolinma........................ 197,000 
ING WOW Koos osobesecacosbsaesscouense 19 723/17, 500} MING Doras alas. area eee nae 130, 581 
IMIESOUM one ce SonSdancebeonalssnsoense UG), TGs 10} ]) WMA. Soo psaoéeesobeccuseacosenceess 115, 500 
Rennsyilvaliap assesses ee aes 10, 415, 843 || Oklahoma............-......--.--..--- 110,000 
FRENMeSSECE AERA se aoe cee oe etna Siro 4 7000) | |(PMan SAS sass eee eee ee eee eee 107, 000 
AB OUISIATIOA Sey ee ieee ee ee GF858 000s outhiCarolimaees sees eee=es—eeeeee 100, 000 
NO Waee ii te Sa tela se so Ae ea a hate 4,832,527 || Washington.........:..-...--------..- 100, 000 
MMTMWIONO soo osoecesosasasosouesoecuces 3,549, 001 || Delaware.........-.....---.----.--.-.- : 56, 246 
IMUSSISSIP Die ence rece eee eer 35080} 000) || Calliformiais= 22522-22222 -s-eee 40,000 
ARCOTIEUIC Keyan oe Sessa eels ee eere ai Ut) OOOH CeO o sas tb oka sacnocoseosscoosscese 38, 000 
IMassachuse tiSteee ese eee eee eee Zr LOGKOOONI One: O Tear see eee eee er ee 10, 200 
PRE RA SHE erence aes Oa cleric eee 1,866,000 || Rhode Island..................--.---- 4,000 
Connecticuiasssseee ne ee eee 2955 GOON MIOTL GAM Ee creer see 2) 1,500 
INEwArampshines sss shee eer rere eer 704, 273 F ——_-—— 
ING WI CISC Ve ce eases ene er nei ue 654, 440 PTO GADE clays ees Gh oe as cere wean 365, 154, 988 


UTILIZATION BY INDUSTRIES. 


Table 7 gives the annual factory consumption of elm grouped 
according to industries. These figures show that the slack cooperage 
industry is by far the most important, the amount credited to this 
use being more than twice that of the next in importance, baskets 
and crates. The figure for slack cooperage was obtained by con- 
verting to board feet census figures on the total amount of slack 
cooperage stock manufactured, while figures for other industries are 
in terms of amounts of lumber consumed. There is a large amount 
of waste in the slack cooperage industry, so that without doubt more 
than 147,000,000 board feet of lumber could have been produced 
from the same raw material which was used in the manufacture 
of this amount of slack-cooperage stock. The importance of this 
industry, therefore, is probably somewhat greater than is shown in 
the table. Figures for slack cooperage are those compiled by the 
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Bureau of the Census for the year 1911. Statistics for other indus- 
tries were collected by the Office of Industrial Investigations of the 
Forest Service during the years 1909 to 1913. The figures given, 
therefore, must be taken only in a general way as representing the 
situation in elm utilization, since conditions change somewhat 
from year to year. 


TABLE 7.—Annual consumption of elm in factories in the United States, by industries. 


Industry. Feet B. M. | Per cent. 
Sikvele GOO GHNAC Asoo sosaspannae da sade seseneeeeen cose cc saoaasaSeenene eye yerse age 1 146, 954, 000 39. 63 
IBOSKOS, DASIRGISS GING LOR IGIA SAS ocooe ena aeaeeaEEcreaoce to SoHo ssoduSeeassuseubeesHs 65, 535, 458 18. 13 
Welniclesfandinvelnicleymant sc Be Ans sect So rai is US ae eae a aks hs 31, 296, 922 8. 66 
Chamsfan Gy ChawyStOC Kars aise Sole ees oie te owe cso Se eee Se Soe See cece Pp IGT GSI |losoocagsos 
Woodenware and dairymen’s and poulterers’ supplies. ......-..-.--------------- 16, 383, 426 4,53 
Mirsicalpinstrumientse: Ass See eee NT OAs 9 en eres AG eee ae net 15, 602, 440 4.32 
Refriseratorsandukitchenicabinets: 20-5... 222 sacs deseo ees aaa see ie asee see 13,046,100 |.......... 
TO UMETOU DTDs RG Ae eee as ag aa Ul ey ee TOPS O2 7 eee 
PROT CUUG UE eTTIN LETMETES Snes Cees 2 oh). Ui Ca aN ye Nee 7, 249, 000 2.01 
PhrumMikcsvam GivaltSeSen a. cance ses es cece se Eee ca ris ea a pe a ie 6, 409, 286 1.77 
EGET OS Benepe ee et es te et ae ee SE ei es OS He eo 6,368, 275 |......-... 
Elemis pPTOGUCES wSashandidOOrse. os 228. seo ee eee eee aces sete sates 6, 218, 860 Ile 2b 
Sponumcran dat hlericieOodss sees cals o'. o. 2 ad Se ene sete eee 3, 226, 750 89 
IBIETOCUOS.. . ssa oes dae SA eh ere ea ae eee ee ra A esc aU eae 3, 060, 307 85 
INOW): 65 255 Same Gees Gee aE ae eal at Se ene nce Sec te ea el 2,042, 055 56 
IFAC Be DMA CES Hepat eee Sear ck Sa AE UALS Re SE ee ree oes 1,365, 000 -38 
CHP GONE TIOHIOIN 53357 aaG on Soon s caer a een AMEE EN Ore Soon aoe HanC esr aa eee near ee 1,221, 121 34 
MA CITMeFCOTISUTUTC GLO Ie a eters aortas Sanya a) oc a eR ted gag eres ever GaN 831, 000 . 23 
SSUOUIS) aE) ToVoee Heed one NM Wray ee M AU es chee ee i arene Aas eg yoy oy ds Be E 706, 600 - 20 
Machinenyvgandepparatus.\electricalas=s.. 9-22 .- <2 - se aseeeneene ane e een ase ese 463, 000 13 
Equipment praveround B Oe See See eee Net INE ee Oe he See ee eee a 334, 000 -09 
Sesicldilcas fain daveiate Sess i ae | ey uela AIR eee aT ae ns Se a 276, 000 .08 
IP TMV S GiNe! COUN GOES eds aoaten Glas: Aer a EEE encanto Sle ESE GeEeeeeet aes 200, 000 - 06 
PASTS TON OES UID DLIGS eee nee eet nee ese es = SE Ee Oe erase 200, 000 . 06 
ISTAMGIAGS. cue bid os AUS eee aaa rar See Nem Oa ER Alas cy ra ara a ge Oe Se re 187, 000 205 
ID OWES cosisee cin 5 5 Se ARSE a CTE Nee SS Ae Is eee Mee 175, 000 05 
(Gaestam danencin pete tases See Ste NS a oe ee ae ee Mi ia tee, J 155, 000 04 
AEM Sema UCLA ease pty cee eek a OE as AR aly: eee IE eee en et 84, 200 02 
IBIGRDOES sas Gs See BER ESE SEE eae seta eR ae tee ne 3) ir aC ee 68, 500 02 
Halu eTSzAWOOCWOL kere nese EAD ia so UE ee ieee Oa Pe ees ee 55, 000 01 
DiRAeS BraG) ANIC HAVES, joHFULKAs o aac eae seoE se soca. -seas aces seoe scene pause oeoncee 43, 000 01 
Baie nMS an Galaskceeke a sas ie ao ol Pe AA a Rear eer LACE PRC eae 40, 000 01 
Pumps and wood pipe....--.-------- LER SURE CSOT Gu cocoon sua Soe cee cee 20, 000 01 
“Mareltes) enaye| Sloss = eset Ale aed 0 AAP aes eleanor 15, 000 (2) 
Mare re GUI TA am aemtn sre Aes FTL Nias TE a ea se ee og dh 8, 800 (2) 
Boo mandshoemnadines $2.2 (ha Eee hE EEE Rae ee Ee 2, 000 (2) 
Instruments, professional and scientific.......-..-...-.---.---------------------- 200 (2) 
FERS 5 5 6 cM A I Tae eS ER UCT ck es a Be ere 365, 154, 988 100. 00 


1 Amount of product reduced to beard feet. From Bureau of the Census statistics on slack cooperage. 
which also includes small buckets, pails, and tubs. Since these articles are also included in woodenware 
in the table, there is probably some duplication in figures for these two industries. 

2 Less than one-half of 1/100 per cent. 3 


Elm enters into the manufacture of a large number of products 
made from wood; in fact, there are probably few industries which do 
not furnish a demand for more or less of it. 

For most uses to which elm is put the different elm species are 
used indiscriminately. For certain uses, however, some one species 
is preferred, as cork elm on account of its extreme-hardness. On 
pages 39 to 43 is given a list of uses reported for the different species 
and for elm without reference to species. 

Reports received from manufacturers give an average cost of 
$23.55 per 1,000 board feet for elm, not including the slack-cooperage 
industry. ' 


1 The prices given for elm products are those in effect before the entrance of the United States into 
the war. 


16 BULLETIN 683, U. 8. DEPARTMENT OF AGRICULTURE. 
SLACK COOPERAGE. 


Elm is one of the most important slack-cooperage woods of this 
country, bemg well adapted for slack barrels on account of its 
strength and ability to stand rough usage. 

The amount of elm slack-cooperage stock manufactured in 1911, 
reduced to board feet, was as follows: 111,099,000 board feet of hoops, 
30,871,000 board feet of staves, and 4,984,000 board feet of heading. 
Statistics showing the amount of elm consumed in the manufacture 
of this stock are not available. 

Slack-cooperage statistics for the years 1907 to 1911 show that elm 
is by far the most used wood for hoops. In 1911 about 94 per cent 
of the wooden hoops produced (over 333,000,000) were of elm. The 
figures for 1907 to 1911 show in general a decline in the use of elm 
for this purpose, which is explained in part at least by the use of 
metal hoops. 

The usual method of manufacturing elm hoops for slack cooperage 
stock is as follows: The logs are first cut into flitches 13% inches thick, 
and as long as the hoops to be cut from them. These flitches are then 
steamed; and the hoops, five-sixteenths inch thick on one edge and 
three-sixteenths inch thick on the other edge, are sliced lengthwise 
from them. The edges are next rounded, the width of the hoop being 
reduced in the process to 14 inches. The hoops are steamed, and 
then coiled—usually 10 or 12 are coiled together in a bundle. 

The cost of manufacturing hoops in the lower Mississippi Valley 
region averages about $6.50 or $7 per thousand hoops. It may run 
as high as $7.50 per thousand or higher, depending largely on the 
cost of the logs. Water transportation is as a rule cheaper than rail, 
and slack-cooperage manufacturers located on the Mississippi River 
can usually secure rafted timber at a comparatively low figure. Man- 
ufacturers who buy stumpage and do their own logging also have the 
advantage of low cost of raw material. 

Hoop makers use more of the white elm than of the other kinds. 
Some red elm and a little cork elm are used, but, the latter is not well 
liked because it is difficult to work with tools. Elm grown in moist 
situations is more porous and bends better than that grown on higher 
and drier locations and for this reason is better liked by the hoop 
maker. On the other hand, much of the swamp-grown elm of the 
South is more brash than the northern elm. It is also very defective, 
so that there is more waste in manufacturing hoops from it than from 
elm grown in the North. 

In 1906 elm was more largely used for staves than any other wood; 
in 1907 and 1908 it took third place; and in 1909, 1910, and 1911 it 
ranked fourth and was preceded by red gum, pine, and beech. The 
per cent of decrease for 1911 as compared with 1910 was greater than 
for any other important wood in stave manufacture. About 7 per 
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cent (92,614,000) of the total number of staves reported for 1911 were 
of elm. The output of elm staves is therefore being replaced by other 
woods, which is due to a depletion of the supply in the regions of stave 
manufacture. 

Woods which steam well and retain their form when bent, and which 
do not taint or sour substances in contact with them, make the 
choicest stave material. Klm fills these requirements to a high 
degree, and on account of its additional advantage of great strength 
is generally considered the most desirable wood for slack-barrel 
staves. 

Good quality elm staves are much in demand for the highest grade 
slack barrel, principally for sugar and flour. Elm is well liked for 
sugar barrels on account of its strength. Lower grade elm staves 
serve well in barrels used for shipping bottles, glassware, crockery, 
etc. A good grade of elm staves often brings a high price. A high 
grade of No. 1 for sugar and flour barrels may sell for from $9.50 to 
$10 a thousand. The usual price, however, is about $9. Red gum 
has largely replaced elm as a stave wood on account of the growing 
scarcity of the latter wood and the plentifulness of gum in the regions 
where slack stave factories are now operating. Although not as 
strong as elm it makes asatisfactory stave. No. 1 gum staves usually 
bring about $8 a thousand. Some manufacturers are unable to get 
more than 50 cents a thousand for elm staves above the price for gum 
and find it more profitable to manufacture the best of their elm into 
lumber, converting the more defective material into low-grade staves. 
Hackberry is sometimes used in place of elm. Hackberry, however, 
is not so strong. It is also not durable, and logs often decay badly 
before going into the factory. 

Elm is not so much in demand for heading, because it is likely to 
warp when exposed to alternate wet and dry conditions. Less than 

4 per cent of the total amount of slack heading reported in 1911 was 
of this wood. Elm is used for head linings, which are thin strips 
used to hold the heading in place. 

_ Elm is manufactured into slack-cooperage stock principally in the 
States bordering the Great Lakes, and in Mississippi, Arkansas, and 
Tennessee. In 1911 Ohio stood first in the production of hoops, 
Indiana second, and Michigan third. For many years the hoop 
industry was confined to these three States by reason of the abun- 
dance and excellent quality of the elm growing there. In 1907 they 
manufactured 86.4 per cent of the output and in 1908, 82.4 per cent, 
but in 1911 their production fell to 64.9 per cent. The hoop industry 
is moving southward. In 1911 Arkansas was fourth, Mississippi 
fifth, and Louisiana sixth in importance in the manufacture of hoops. 
Mississippi has shown a great increase in hoop manufacture, holding 
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ninth place in 1911. Hoop factories of Ohio and Indiana have been 
forced to go elsewhere for a supply of elm. Hoop makers in Michigan 
have In many cases moved to the lower Mississippi Valley on account 
of the growing shortage in the Great Lakes region. Memphis has 
of late years become the principal center of elm-hoop manufacture, 
a large number of factories being located within a radius of 100 miles 
of that city. Recently, many factories have gone farther south 
for fresh supplies, since the hoop maker demands a large supply of 
the best timber. The hoop industry will doubtless be located for 
some time to come chiefly in Mississippi and Louisiana. 

Over one-fourth of the total amount of elm staves reported for 
1911 were from Michigan. Missouri and Arkansas came next in 
importance. These three 
States produced over 60 
per cent of the total 
amount. 

Arkansas and Michigan 
led in the production of 
a heading in 1911, including 
EN = ee A all woods. Woods other 
 OOVYROE YY £3E- than elm, however, were 
ay a eg chiefly instrumental in giv- 
ing these States first place 
in the manufacture of this 
product. 


Ly 
USE 


BOXES, BASKETS, AND CRATES. 


Fic. 5.—Market baskets with elm rims and handles. a, Elm One of the most impor- 
handle; 6, elm rims—one outside, one inside; ¢, splints; d, tant uses of elm is in the 


metal washer. A 

manufacture of baskets, in- 
cluding fruit and vegetable packages of various kinds. Elm is used 
principally for the outside and inside bands or rims, on account of 
its strength and good bending properties. In the ordinary market 
basket (fig. 5) the outside and inside bands at the top and also 
the bent handles are preferably of elm. Two straps of elm on the 
bottom outside the basket make it much stronger and protect the 
bottom. Elm is in great demand for the bushel and half-bushel 
baskets (fig. 6), for the outside and inside bands and for the bale, if 
they have one. Enormous quantities of these baskets, used prin- 
cipally for shipping fruit and vegetables, are made by special ma- 
chines. A special form of this typeis the grain basket (PI. IV, fig. 1), 
which has a wide band of elm on the inside at the top and is a strong, 
tight basket. Its serviceability is further increased by around bottom 
of elm often both outside and inside; or a circular rim of elm may 
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be placed on the bottom to protect it from injury. Occasionally the 
staves are of elm, which makes the most serviceable basket.! 

Basket makers generally get their wood locally in the log, or they 
may secure the rims from a hoop factory. It is not profitable for 
them to ship the raw material in any large amounts from a distance. 

One of the most common uses of elm is for all kinds of crating. It 
can be cut into thin material and in this form can be used in long 
pieces. Thin elm boards 10 feet or more in length may be bent to a 
circle without breaking. It is therefore adapted for crating such 
merchandise as furniture and machinery. Crating is usually made 
from low-grade lumber. Factories which manufacture vehicles and 
furniture may buy low-grade elm and make crating from it; or they 
may buy log run and use 
the upper grades in the 
manufacture of their prod- 
ucts. Manufacturers of 
Michigan and Wisconsin 
usually buy No. 3 common 
and cull for crating, for which 
they pay an average price 
of about $14 per thou- 
sand. 

Fruit and vegetable crates 


, 
| | 
of rectangular form are often Li 


made of elm. Eggs and Fic. 6.—Bushel shipping basket with elmrims. a, Rims; 
butter are occasionally b, splints or staves; c, center post which keeps fruit 


packe din elm crates. Elm from being crushed. Cover not shown. 
wood is said not to be altogether suitable for this purpose, however, 
because a slight taste is imparted to these products. 

Small fancy boxes are often made of white elm and nicely finished 
to imitate other woods. This is particularly true of tobacco boxes, 
for which the elm is finished in imitation of Spanish cedar. The 
best grade of elm is usually obtained and is less than half as expensive 
as the cedar. An annual consumption of nearly 2,000,000 board 
feet of elm was reported by manufacturers for this use alone. 

Of the approximately 65,000,000 board feet. of elm consumed 
annually for all kinds of baskets, boxes, and crating, it has been esti- 
mated that approximately 85 per cent is white elm, which is used in 
largest quantities in Michigan, New York, Illinois, Ohio, and Indiana. 


1 For the staves ofnearly all kinds of baskets more plentiful hardwoods, suchas beech and maple, are used. 
Beech is sometimes used to a limited extent for rims in place of elm, but does not bend so well and is not 
So Serviceable. Birch has been tried also with fairly good results. Bushel-basket rims are sometimes 
made ofred gum. They are much inferior to elm rims, but can be made for about one-half the cost of the 
elm. Hackberry is used in place of elm and is considered just as good, but only a small supply can be 
obtained. 
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The estimate for slippery elm is 12 per cent, used mostly in Illinois 
and Indiana. Small amounts of cork elm are used in several northern 
States and a small amount of wing elm in Texas. Reports from 
manufacturers included under this head give an average cost of $18.63 
at the factory for elm. This is a low price compared to the prices paid 
for elm by other industries, and is due to its being obtained largely 
in the log and also to the utilization of low-grade material. 


VEHICLES. 


Elm is an important vehicle wood, an annual use of more than 
31,000,000 board feet being reported. Michigan, Ohio, and Wisconsin 
lead in its consumption for vehicles and vehicle stock, the amount re- 
ported for these States being as follows: Michigan, 7,813,000; Ohio, 
7,285,000; Wisconsin, 6,657,000. The total for the three States is 
nearly 70 per cent that of the entire United States. Iowa, Arkansas, 
Indiana, and Minnesota are next in order, consuming amounts be- 
tween approximately one and two million board feet. 

About two-thirds of the total was reported as white or gray elm or 
simply as ‘“‘elm,” and about one-third as cork and rock elm, and a 
very small per cent as slippery elm. White elm is chiefly valuable 
for the frames of bodies and tops of vehicles. Cork elm is used for 
singletrees and eveners, and for parts of the running gear, such as 
reaches and hounds, especially of light vehicles, and for the bows on 
which the top is stretched. 

There has always been a good demand for rock elm for wagon and 
carriage hubs because of its hardness and ability to stand shock. 
The hub is bored out and is either completely covered by steel bands 
or a band sunk into it on each side to prevent checking. On account 
of the growing popularity of the automobile, which has all metal 
hubs, the demand for this material is now comparatively small. 
Some large wheel manufacturers have a sufficient supply of elm hub 
material to last for several years. 

In 1911 Michigan manufacturers reported an annual consumption 
of 842,000 feet for automobiles. Since then there has been a con- 
siderable increase in the quantity used for automobiles, and probably 
a decrease in the quantity for horse-drawn vehicles. 

Both the white and cork elm are used by automobile body makers. 
The cork or “rock” elm is used for corner blocks in the framework 
because of its strength and its ability to withstand shock and to hold 
screws. Large quantities of white and slippery elm go into the frame- 
work, chiefly in bent pieces. The more porous elm (often: called 
swamp and water elm) is preferred, since it is said not to break so 
readily in bending. The wood is received at the factory in the green 
condition, is steamed, then bent to the desired form, held in shape, 
and kiln dried. Even when great care is exercised to select proper 
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material for bending, considerable difficulty is experienced from 
splintering and breaking because pieces as much as 2 inches square 
must be bent quite sharply at right angles. Figure 7 shows some of 
the common bent forms used. A good supply of satisfactory elm 
material is important to automobile body makers, for they consider 


6 a 
= 
Fic. 7—Some common forms of elm bent-wood pieces used in automobile bodies. The most exacting 


demands are made upon the wood by the forms a and b, used for back rails, on account of the sharp- 
ness of the bends. The two common modes of failure in bending are illustrated in 6, which isa cull 
piece; in the right-hand bend at x splintering tension has taken place, and the left-hand bend shows 
compression failure at y, the fibers of the wood being folded over. The formscand d are not so difficult 
to make, since the bends are more gradual. 


that no other wood can replace it for the back rails, wheel housings 
(where thin material is bent in curved form), and other small bent 
pieces (fig. 8). Elm from southern Michigan is considered not so 


satisfactory for these uses as that from the northern part of the 
southern peninsula. That from the extreme southern States is con- 


Fig. 8.—Partially assembied wooden framework of automobile body. The bent-wood piece (a) forming 
the back rail of the rear seat is soft elm, and also the circular piece (b), above where the wheel is to be 
located. The triangular blocks (c¢ and d) to the right of each side door at the base are rock elm. 

sidered inferior because of the presence of numerous defects. Ma- 

terial is secured mostly in the form of 1 and 2 inch lumber, and a 

large supply is usually kept on hand. Many automobile body makers 

report a purchase price of from $40 to $50 a thousand for various 
grades of white and rock elm. - Thirty-eight dollars is the average 
price reported by a considerable number of such manufacturers, which 
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is nearly 50 per cent higher than the average cost reported for elm in 
the vehicle industry. 

Elm is not in general use for spokes of ordinary vehicle wheels, 
since the wood is inclined to warp when it absorbs moisture and does 
not hold its shape as well as hickory. Both the cork elm and white 
elm are used, however, for the extremely long spokes of large wagon 
wheels such as are used in logging. Large log wheels as much as 9 
feet in diameter are often fitted with cork-elm spokes, and it is said 
that no other wood has been found to be quite so satisfactory. 

Cork elm is frequently used for the felloes, or bent rims, of light 
wagons and carriages and is said to be satisfactory as rims for bicycles 
in place of hickory. Cork elm serves as a substitute for hickory in 
many parts of light vehicles. 

Cork elm is used in cutters and sleighs for the runners and running 
gear. White and cork elm are also used for other parts in place of 
ash and hickory. Elm is commonly used in the manufacture of wheel- 
barrows, for which it is well adapted because of its ability to stand 
shocks. It is used principally for the handles, for which the cork elm 
is most suitable. Factories generally utilize No. 2 common and better 
for this product. 

An average cost of $26.71 per thousand board feet at the factory is 
reported for elm by vehicle manufacturers. This is above the average 
of elm for all industries, but is low for the vehicle industry. This is 
evidently due to the large proportion of white elm included for which 
a much lower price was paid than for the cork elm. For instance, in 
Michigan the average cost of white elm is reported as $23 a thousand 
and of cork elm $36. Vehicle makers demand a good grade of rock 
elm for such purposes as eveners, singletrees, and running gears. 

No. 1 common and better 2 inches thick is generally used at a cost 
of from $35 to $40 a thousand feet. For cutters and sleighs, 1 and 2 
inch lumber No. 2 common and better, both white and rock elm, is 
usually purchased at an average price of from $25 to $30. 


CHAIRS AND CHAIR STOCK. 


Elm is well adapted for chair making, as is shown by this industry’s 
being fourth in importance in its use. It is used particularly for 
rockers, also for bent arms. It is, however, not so strong and tough 
as hickory, does not take so smooth a polish, and is more apt to 
splinter on the surface. The chair maker prefers the rock elm for 
most uses, but the soft elm is also used. The average price per 
thousand board feet paid for elm by this industry is $25.63. This is 
about $2 per thousand above the average for all industries. 


WOODENWARE AND DAIRYMEN’S AND POULTERERS’ SUPPLIES. 


For such products as candy pails and tobacco buckets elm is 
desirable because it has very little odor and taste. It is also used 
for butter tubs. 
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Considerable elm is made into bent rims for the circular sides of 
such articles as cheese boxes and round measures. The raw material 
is generally secured in the log, slabbed, and cut into planks up to 
4 inches thick, depending on the width of the rim to be cut from it. 
The planks are then steamed and sliced. The strips are next planed, 
steamed, put through rollers, and placed in a circular form which 
holds them in the desired shape until dry. Plate IV, fig. 2, shows 
rims for cheese boxes ready for shipment. In making these rims the 
softer grades of elm are used because of their ease in working. Cheese- 
box rims are also made from veneer cut directly from the log by the 
rotary process.* 

Cork elm plays an important part in the manufacture of step- 
ladders, stepladder chairs, and stepladder stools. It is especially 
desirable for the top step of such ladders and for other pieces where 
there is considerable strain and the screws must hold very firmly 
and not work loose. Cork elm is a good wood for long ladders, 
especially for the rungs, where it is very serviceable. Tent pins 
and slides are made of rock elm because of its good wearing qualities. 

An average price of $16.85 per thousand board feet is reported for 
elm used in woodenware and dairymen’s and poulterers’ supplies. 
This is about the lowest price recorded for any one industry using 
elm and is due to its being obtained in the log and from local sources 
for the manufacture of such products as bent rims. Many other arti- 
cles included under this heading which take relatively small amounts 
pay a much higher price;rock-elm lumber for ladder rungs, forinstance, 
usually costs the factories about $30 a thousand board feet. 


MUSICAL INSTRUMENTS. 


A large quantity of elm goes into pianos and organs, in which it is 
utilized largely for the framework. Its cheapness in comparison to 
other suitable woods, its strength, ability to stand shock, and good 
gluing qualities recommend it especially for this industry. It is not 
used so much now as formerly on account of its increasing scarcity. 
It was formerly considered as the most desirable wood for posts and 
backs of pianos, and considerable is still used for these parts.2 A 
comparatively high price per thousand feet ($33.62) is reported for 
elm in this industry, since high-grade material is required. 

REFRIGERATORS AND KITCHEN CABINETS. 
Elm is much used for kitchen furniture, for which over 13,000,000 


board feet are consumed annually. White elm is particularly 
adapted for kitchen cabinets and kitchen tables because it scours 


1 Red oakis also used for rims, but is not so satisfactory. Birch isa fairly good wood for cheese-box sides. 
Black ash is sometimes used, but is not so suitable. Red gum has been tried, but its brittleness is a decided 
drawback, 

2 Hard and soft maple veneer glued together in alternate layers with a sheet of hard maple on the outside 
to give an attractive appearance has largely displaced elm for piano backs. Posts of hard maple are also 
used. 
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clean and white, is free from stain, taste, and odor, and has con- 
siderable stiffness and strength. It is a very desirable wood where 
frequent scrubbings are necessary. Elm has been employed to a 
considerable extent-in the manufacture of refrigerators. It is not 
altogether satisfactory, however, because it warps in damp situa- 
tions. Ash is much preferred, but often costs considerably more. 
An average price of $23.72 per thousand feet is paid for elm for 


these uses. 
FURNITURE. 


Elm does not hold a place of first importance as a furniture wood; 
but it is useful for many purposes in the industry, which uses more 
than 12,000,000 board feet annually, exclusive of what goes into 
fixtures and chairs. Its place is in cheap furniture or the interior 
parts of more expensive kinds. Much of the elm used for furniture 
goes into the framework, on account of its strength and its ability to 
hold screws and stand shocks. It is used especially for the frame- 
work of upholstered furniture. In recent years it has been success- 
fully finished to imitate birch, maple, and cherry. Elm also makes 
a good wood for bed slats. An average price of $24.50 per thousand 
at the factory is reported. This is very little less than the average 
price reported for birch and maple for the same industry. 


AGRICULTURAL IMPLEMENTS. 


Over 7,000,000 feet of elm annually is reported as used for agri- 
cultural implements. It serves principally as the framework and as 
bent wood in many different kinds of farm implements, for which it 
is especially suitable, because it is comparatively light, strong, and 
serviceable. Cork elm and white elm are in demand for parts of 
cultivators, hayrakes, hay balers, thrashing machines, and reapers. 
White elm is commonly used for drill boxes. Cork elm is in good 
demand for plow handles because of its strength, ability to stand 
shock well, hardness, adaptability to bent work, and ability to take 
a smooth polish and wear smooth with use. The average cost of 
elm reported for these uses is $30.89 per thousand feet at the factory. 
Evidently a high quality of elm is demanded. 


TRUNKS AND VALISES. 


One of the most suitable uses for elm~is for trunks. It often 
goes into the framework. Its chief place, however, is in the slats 
on the outside, where it is extremely resistent to wear and not easily 
broken. Few woods are considered equal to elm for this purpose. 
An average cost of $26.53 per thousand feet is reported by the 
factories. 

FIXTURES. 

Elm is in good demand by makers of church furniture, by whom 
it is made principally into curved pew seats. They like it because 
it bends well without steaming and glues well. The seats are built 
up from kiln-dry elm squares, which are glued together and held in 


UTILIZATION OF ELM. 95 


the curved form until the glue is dry. The partly finished seat 
retains its curved shape when the pressure is removed. ‘The seat is 
next shaped and finished by special machinery. The ends of the 
pews are usually made of oak, and the elm is stained to match it. 
Occasionally elm is used for the entire pew. 

Cabinets and store and office fixtures are occasionally made of elm. 

The average price reported for elm for fixtures is $28.32 per thou- 
sand feet. This is considerably higher than the average price of this 
wood for furniture. 


PLANING-MILL PRODUCTS, SASH, AND DOORS. 


That there is a demand for elm for house and office finish is shown 
by the use of more than 6,000,000 feet annually for such purposes. 
It serves as an excellent inside finish wood because of its moderate 
amount of figure and pleasing light and dark shades when finished in 
the natural color, and makes a good appearance in panels. It is also 
used to imitate other woods which are more expensive, such as plain 
oak. A low average price ($19.05 per thousand feet) is reported for 
this class of products. 


SPORTING AND ATHLETIC GOODS. 


Cork elm is used for such products as horizontal bars and similar 
parts of gymnasium apparatus because of its ability to stand hard 
usage. White elm, finished in imitation of oak and birch, is used 
for low-priced billiard tables. 

An average price of $30.24 per thousand board feet is reported for 
these uses. 

HANDLES. 

Elm is a suitable wood for handles because it is strong and service- 
able. It is particularly in demand for certain kinds of handles, such 
as pike poles and cant-hook handles. Cork elm is well adapted for 
scythe snaths because of its strength and adaptability to bent work 
and because it takes a very smooth polish. Elm is not in favor for 
long handles, such as are used for hoes and hand rakes. It is light 
and strong, but its tendency to warp and twist when it absorbs 
moisture is a decided disadvantage. Ash is preferred for such uses. 

The average price reported for elm used for handles is $17.35. 


- TOYS. 


More than 2,000,000 feet of elm is reported as used for toys each 
year. Much of it goes into children’s wagons and sleds. 

The average cost reported for this purpose is $26.61 per thousand 
feet. 

. LAUNDRY APPLIANCES. 

The good scrubbing and wearing qualities of elm when kept in 
contact with water make it popular material for parts of washing 
machines, washboards, and wash benches. 

For these uses $26.96 per thousand feet is the average cost at 
the factory. 
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CAR CONSTRUCTION. 


More than a million feet of elm annually has been reported as used 
for the interior parts of railway cars and locomotives. This is ap- 
proximately one-tenth of all wood reported for this industry. Its 
use for this purpose is no doubt due to its strength and its shock- 
resisting properties, combined with its ability to take different finishes 
in imitation of oak and birch. The average price paid is $28.63 per 
thousand f. o. b. factory. 


MISCELLANE@US USES. 


Elm is used in quantities of less than a million board feet annually 
in a large number of industries. 

It was formerly a very important wood in shipbuilding on account 
of its shock-resisting qualities, strength, and cleaning properties. It 
is still in demand by barge builders and makers of small boats, but 
comparatively small amounts are now used by shipbuilders. The 
principal uses reported are for the bottom boards of canoes and the 
ribs of rowboats and motor boats. 

Elm serves well for wooden parts of electrical machinery and ap- 
paratus. -It is used in playground equipment, such as croquet sets, 
hammocks, and lawn swings. It is a satisfactory wood for saddle- 
trees, harness, neck yokes, and stirrups. 

Other kinds of products into which comparatively small amounts 
of elm are made are pulleys and conveyors, signs and supplies, 
brushes, dowels (principally for furniture), gates, and fencing. 


ROUGH BUILDING CONSTRUCTION. 


Elm is often used for bridge planking and for bridge and trestle 
timbers. Rock elm is preferred for bridge planking and is usually 
used 2 inches thick. Such planking sells for about $20 a thousand 
board feet. Thicker material, of course, costs more. Elm is some- 
times made into lath, for which its strength makes it suitable. The 
total amount of elm used for these purposes is comparatively small. 


CROSSTIES. 


On account of its strength, hardness, and ability to withstand shock 
well, elm is a desirable wood for railway crossties. Since it does not 
resist decay in moist situations as well as many other woods, it 
should be treated with preservatives for use in ties. In 1914, 43,330 
elm ties were reported treated with preservatives, which was one- 
tenth of 1 per cent of all ties reported treated for that year. Nearly 
2,000 were treated with creosote and the rest (over 41,000) with zine 
chloride. In 1915, 50,846 elm ties were reported treated, which was 
about one-seventh of 1 per cent of all treated ties ropenten for that 
year. All were treated with zine chloride. 
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FIREWOOD. 


Elm is not generally considered a desirable wood for fuel, because 
it is difficult to work up into cordwood and to season. Its slowness 
in burning is another objection to its use, especially for domestic 
purposes, where quick heating is desired. Slippery elm, however, is 
fairly satisfactory on account of its comparative ease in splitting. 
Elm ranks high in respect to the heating value of the dry wood, a 
standard cord (8 feet long, 4 feet high, and 4 feet wide) being equal 
in heat value to a ton of coal, which puts it in the same class with 
oak, hickory, and beech. When there is a supply of elm timber and 
a scarcity of other fuels, considerable quantities of elm are utilized for 
fuel. The market value of fuel wood depends on its heating qualities, 
the rate at which it burns, its abundance and availability, and the 
demand for such material. In Michigan a ‘‘stove-wood” cord of 
elm (8 feet long, 4 feet high, and 16 inches wide) was reported as 
usually selling for from $2 to $2.25. 


FARM USES. 


Elm serves many good purposes on the farm. It is often used for 
flooring in stalls because it presents a rough surface and is easy on 
the hoofs of animals. Compared to other woods it resists abrasion 
well in wet situations. Rock elm makes excellent mauls and also 
may serve for the handles. It is put to a large number of local uses, 
especially where there is a good supply and other timbers are not 
available. 

Elm is often used for fence posts, although it is not very durable in 
the untreated condition. Since the sapwood takes treatment well, 
it is advisable to apply some preservative to the wood when it is to 
be used for such purposes.* 

Cedar elm is commonly used untreated for fence posts in Texas; 
and, although much inferior in lasting qualities to osage orange, 
mesquite, and the cedars of the region, the elm posts last many years 
in a dry climate. 


GRADES USED BY DIFFERENT INDUSTRIES. 


The proportion of the various grades of elm used in each of five 
different industries is given in Table 8. The No. 1 common grade is 
demanded in largest quantity by these industries. The vehicle, 
chair, and furniture industries can evidently use this grade to best 
advantage. Furniture, vehicle, and musical instrument makers 
demand also considerable No. 2 common. Musical instrument and 
agricultural implement factories have need for a good deal of high- 
grade elm. The last-named industry also finds place for much very 


1 See Farmers’ Bulletin 744, ‘‘The Preservative Treatment of Farm Timbers.” 
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low-grade lumber, while the other four industries buy little or none 
of the No. 3 common for the manufacture of their products. This 
grade is used largely for crating. 


TABLE 8.—Grades of elm used by different industries. 


: Common. 
Firsts 
Industry. i and 
seconds. | oy. | No.2. | No.3. 
Per cent. | Per cent.\| Per cent. | Per cent. 
DUA UN EI es ek Ok he Gk a Pa ae reg ee Ana Ce A ay ep gel ate 24 46 28 2 
COL EES e SSeS a eatin: MeN aN Leet ine Aim ete ek ha ta aly le 27 58 1 SS MER oer 
Musical imstriments: os sss oe ee Pee ee ae Pe eens tee 50 25 254 ees sae 
Ip winaNUpEID. — 53555535055 Se aL ata pe Cope AT ea oan i te Se chk prea) eye 23 43 5) i Es ay AB 2 
Neri culturalamiplementste: 4444s spears eae eee eel 30 25 16 29 
Avera getor SimauStreStas = 45 oes et peer eee 31 39 24 6 


GRADING RULES FOR ELM. 


There are two sets of lumber-association rules under which elm is 
graded: The Hardwood Manufacturers’ Association rules, which are 
used largely by manufacturers in the eastern and southeastern parts 
of the hardwood region of the Eastern United States, and the 
National Hardwood Lumber Association rules, which are used by 
manufacturers throughout the central and western parts of the hard- 
wood belt and by the Michigan Hardwood Manufacturers’ Associa- 
tion and the Northern Hemlock and Hardwood Manufacturers’ 
Association. 

Under the Hardwood Manufacturers’ Association rules the grade is 
determined by an inspection of both sides of the board, and there are 
five grades for elm: Firsts and seconds, No. 1 common, No. 2 common, 
No. 3 common, and No. 4 common. Bright sap is admitted in all 
grades. In firsts and seconds (/'AS) the pieces must be 6 inches and 
over wide and 8 feet and over long. A small number of specified 
defects are allowed, depending on the width. In No. 1 common the 
pieces must be 4 inches and over wide, 6 feet and over long. In 
general they must work 662 per cent clear face. No. 2 common 
pieces are 3 inches and over wide, 4 feet and over long, and must work 
at least 50 per cent into sound cuttings. No. 3 common pieces are 
3 inches and over wide and 4 feet and over long and must contain 25 
per cent sound cuttings. Black sap is not a defect in No. 2 and No. 
3 common. No. 4 common is a lower grade, including all unsound 
lumber capable of holding nails. It is used for cheap boxing, sheath- 
ing, crating, etc. These rules apply to all species of elm. 

In the National Hardwood Lumber Association rules inspection is 
made from the poor side of the piece, and there are separate grading 
rules for soft (white) elm and rock (cork) elm. There are four grades: 
Firsts and seconds, No. 1 common, No. 2 common, and No. 3 common. 
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Firsts and seconds is a combined grade made up of widths 6 inches 
and over and lengths 8 to 16 feet. A small number of defects are 
admitted, according to surface measure, as specified. Nos. 1, 2, and 
3 common are 3 inches and over wide and 4 feet and over long. No. 
1 must work 662 per cent clear face; No. 2, 50 per cent sound; and 
No. 3, 25 per cent sound. Black spots and black streaks are defects. 

A general similarity is seen in these two sets of rules. Of course 
inspection on the poor side of the piece raises the quality of the 
lumber in a particular grade. 

The National Hardwood Lumber Association grades cork elm 
lumber, called “rock elm,” under the same rules as hickory and pecan, 
since they are largely manufactured into the same products. Four 
grades are specified: Firsts and seconds, No. 1 common, No. 2 com- 
mon, and No. 3 common. Firsts and seconds are 4 inches and over 
wide, and a specified number of defects is allowed according to 
width and length of piece. No. 1 common is 4 inches and over wide, 
A feet and over long, and must work 662 per cent clear face. No. 2 
common is 3 inches and over wide, 4 feet and over long, and must work 
50 per cent sound. No. 3 common is also 3 inches and over wide, 4 
feet and over long, and must contain at least 25 per cent of sound 
cuttings. 

LUMBER AND STUMPAGE VALUES. 


LUMBER PRICES. 


Table 9 gives the average value of elm lumber f. o. b. mills for 
different States and years as given in manufacturers’ reports on 
annual lumber production. Tables 10 and 11 give the average 
wholesale price f. o. b. mill from 1909 to 1916, inclusive, for different 
grades of soft and rock elm lumber in various States. The tables 
are based on reports to the Forest Service of actual sales by a num- 
ber of the largest manufacturers in the different States. Prices are 
quoted for lumber 1 inch (4/4) thick of the different grades, and for 
mill run, which consists of all grades combined. 

The 1917 wholesale prices of different grades of soft and rock elm 
lumber in the principal centers of its distribution are given in Table 
12. Table 13, which is based on actual sales, gives average whole- 
sale prices of different grades of soft and rock elm lumber f. o. b. 
mills in Wisconsin. These prices apply to lumber practically all of 
which is manufactured and graded according to the National Hard- 
wood Lumber Association’s grading rules. 
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TABLE 9.—Average value of elm lumber per 1,000 board feet (f. 0. b. mills) in different 
States for different years. 


State. 1899 | 1904 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 1912 | 1915 
Winited (States essere. sas. $11.47 |$14.45 |$18.08 |$18. 45 |$18. 40 |$17.52 |$18.67 |$17.13 |1$16.87 | $16.98 
WHSCONSINIE 2 See ate sees 11.82 | 14.62 | 17.10} 19.26 | 18.80 | 17.48 | 19.46 | 17.81 16. 52 12. 59 
Michigan’=sseseaceeeeeeeeseae 10.94 | 13.83 | 18.51 | 20.28 | 20.82 | 19.96 | 21.88 | 18.75 | 17.50] 18.15 
i\ighiRe Rss S sdsenssensosdaces 10. 91 8.49 | 14.57 | 13.38 | 14.41 | 14.92 | 14.61 | 14.15 |_-.__...- 15. 32 
ANGINA ste oe oscil ease 11.02 | 16.45 | 19.10 | 18.63 | 19.10 | 19.42 | 18.64] 17.22] 17.23 18. 03 
(ON ge pees ee er ace ee 12.28 | 16.47 | 18.64] 19.59 | 18.85 | 20.21 
IN@iy MONKS acoscsess0ess 2000 13.19 | 15.80 | 25.00 | 24.00 | 24.00 | 16.19 
WUREOUIRs = sosaaksdes Sosesseee 10.32 | 13.41 | 15.32 | 14.02 | 14.34] 15.18 
Hlennessces=s sees =e essere a= 8.80 | 18.56 | 15.59 | 13.83 | 14.44 | 13.53 
WOUISIAM A Sseee eee ee sees NOCD \casaacdlsaconoe 15.39 | 13.76 } 13.91 
IMNSSISSID Dieeee eee eee reiae ee se eeans TOS eaocoae 14.51 | 14.78 | 15.05 
Mannesotae-aeeree-eeeee eae OR OAT Et 2 520) | Beene 15.51 | 14.68 |} 14.47 
Ming Isacee fees eae eee 3 : 3 : : 16.18 
Kentucky 8 : 16.00 
OWA essen ee bisasceeaseecige2 : : : ; 19. 28 
Pennsylvania. ; : , : : 16.19 
Vermont ‘i : : 14. 80 
SMa ING oes seeec recs sean oe ce L z i E 15.27 
DROX AS eee eee eee eee =a : ! : 17.15 
Oklahoma i 5 13. 06 
North Carolina b : 23. 33 
West Virginia : : : 14. 06 
CCOWBIE Jo -sencaseooveeesosce : : : 10. 10 
Alabama : sf : ; 17: 88 
INEM UGIRSGhES SSe55665ccqSn0KeS 11.36 | 28.00 |.....-- 26.32 | 20.62 | 24.25 
SouthiGarolina sess sc cer sea ae eee eteas | beeaare: 19.38 | 15.00 } 19.58 
VAL SIMIAE Sheree Seen eee NOE OD peeoeec|aoebads 11. 87 | 13.66 | 13.02 
Connecticuizere-s-eeee eee eee AS OO pascosclloscosac 17.08 | 12.43 } 15.16 
Massachusetts-.-.---- ee See) Ee P| pals oat oe 14.69 | 11.54} 13.44 
New Hampshire: -...--..-...|......-|_- Lae |e eee 14. 42 | 14.23 | 13.93 
Manylands282 see pane seas ale ae Seen sale eee ee 15.54] 9.40] 13.30 
Hod eslandee peer eeree een las ees | eee ....--| 12.12 | 18.00 | 14.00 
10) Wyatt be eeaseopcendaecesaace Gasaace sosescsl se Ne eaal Soeocud ssaahe 12. 00 
NGlAWATOHG he itso h coekc neces Memo ees Se ee eee aeons 14. 33 
KANSAS yes eeecisncicecemoecce NPE MPEEOS S8656aq |laeesars sosdaas 16. 00 
INebraskac = 2echoscs'scin d= S52 AOA eas eee eee ase lee eA Be eee 


11912 values based on a limited number of reports. 


TaBLE 10.—Average wholesale price of soft elm lumber (per 1,000 board feet) in various 
States, based on actual sales made f. 0. b. mill, for the years 1909-1916. 


SOFT ELM. 


State and grades. 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 


Arkansas: 
No. 1 common and better 4/4.............|..-.--- SISN48i I S21508)1$22583) ose sae see Sao eeeeeeoleacoeee 
No. 2 common and better 4/4......._..... Ee eee 145884) 801620) 817. 25a| Sooo es como eeaeers lee 
INMATE oases ee ete ea eee ee ase S14565) L460 15460 i Ge2bn| sen eer eee ee oleeeeee aloes 


IMG Tarun eee el Sod Se SESS a hed | ESS OOH MLSROD a eres a4 aS ase sees seo eae 
Indiana: 
Firsts and seconds 4/4.................--- D246 Ul ee Caos tine | seee ee SE eee late ask eee eae |= seme 
IN@. 6} GOO Bye Sb Se ees oAaseeaeseses UES 38 Sees er ee | Fyre [Ee Sees laisse n | Sasetite [tema 
No. 1 common and better 4/4.........__.. PAD Th PPLE 1 GSE CEE OES eee ele es ese oa 
No. 2 common and better 4/4.........._.- [Been 165765] 1858851205665 | oan sep alte sees eecio ate eeetene 
: INT PHbINe OR ene Ses oSCeMAee ae Sees eee EST S OO Os O40] OL OS OO Nia 2on |e eee secre ateiceeier | sisietsete 
owa: 


Kentucky: | 
No. 2 common and better 4/4.............)..-2.2- 15: SO a Sosa SAS gee. SE ee | berets 
Se eT eee TS BER aceon tas ee iG eet esel sere cae poescos Goossac 


RGAE 
Hirsts and seconds 4/4--.-..--..:--------- feeb GN oeacad accouadleasaues $40.00 |$39. 88 |$38. 69 | $39. 50 
INOSTcommon'4 /4ee oes Oe Pe eno Soa Seon ae eM eee 29. 33 | 29.88 | 28.69 | 29.50 
INO 2icomim Om 45. eee eee eee ee eS ee ae Se teal (oper Cae Sse 22.00 | 22.38 | 19.88 19. 00 
IN@s B@ammmromn Cy oe eee eon S357 Re tere cleoenes | tae see 14.88 | 15.66 | 13.99 | 14.18 
No. 1 common and better 4/4............- PALE PAYEE) OAR 9 OE oe Saal Soocsnc|ssonsscllsseaces 
No. 2 common and better 4/4.............|..-...- 24.17 | 24.01 | 25.63 | 28.81 | 27.50 | 26.02 | 29.59 
INOS COmiImM On 6/4 ses acest eee e cane mec mes dace lesen aealecerone sees disqncccd|lodcocc6 16.00 | 16.00 
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TasieE 10.—Average wholesale price of soft elm lumber (per 1,000 board feet) in various 
States, based on actual sales made f. 0. b. mill, for the years 1909-1916—Continued. 


SOFT ELM—Continued. 


State and grade. 1909 1910 1911 1912 1913 1914 1915 1916 
Michigan—Continued. 
TSS era! BECONNG EE AL RES Soe Ae a ee eee ods aoolleenaana Sadase pseaeee cecet Rls AD lleconcen 
INO IRC OTT ONYS 4 ae se eene ar EP eee | eee al ee perce [-seeegetaall mimeeinvere lier ate areyeis 265250|bo sae 
NIG), H Goria arse) fils eee ene I eee eee || None Seb dane| S-Deccr SEeeeael|c = Ses 6925) |- eee 
VIEL Orrin et eee Ate oe ae ee |$21.19 |$20. 59 |$19.00 |..-..-- $23. 65 |$21.87 | 22.08 | $24.98 
Mississippi: 
No. 2 common and better 4/4-..........._]..-..-- TASS 75 NV EE eI fee ie Oe Sere oh 
JEL Seve ys 2 Re Os oe 1G {hs TN TES DN EIGER SSC ee ee 
Missouri: 
Firsts and seconds 4/4........-..-.......- 29208 eee | oases |e seer St] 2s seme laa see acd ale aes 
INowsicommon4/4 0s 2 eee ee oe ae TG SIRS) [Sees 3 6 4 anaes [Seeoeal Bee eere meses! (epeereeeey Maen ie 
No. 1 common and better 4/4.._._..._.....]..-._-- 153,00 | aaerss Aeseese lecel Wee a) es Weel Ue 
Maleate eRe ak TES BS | TG) BO) PIE REN IPS Ry ie eee se eal eee nuallnocoas 
New York 
Nonsecomm ond (4 sa kee re eo L WVANOOS PR EAE A see = SoS acc cee|eabiecenlcise- ce eons ee ee 
Nosticommoniand bettier4/42.0 2 2.2.32]. see eee leer ZOSOO | eeseraters | ieesens lier Sts Bete 
No. 2 common and better 4/4...........__]...._-- 7 OO EEO Sen Sesecad pacee ae sseneee Seacees 
eel EULeee ee oe es a Sk eda 208635) 2OS44e  2OLSOS LSS 84 |e eee ener | ees | 
0: 
Firsts and seconds 4/4...........-..-.-.--- Pa RON alo eace lak Oeere Meee sel Senses ner eane| aes eel Mace = oe 
INOssiCOnTmOnN 4 /4eeee nt ste ccs en 1 EVA nr eae Bis eee (Teese SER A ere eee epee [see tees 
No. 1 common and better 4/4-........_... PPE OLE DBY | ORs 1 AN LEAR ig al te sere ane Pe Se aay Fe 
No. 2 common and better 4/4._...........|.--.2.. 2 Da AO GT LO Fal oe ae ee lose ee 
IVT TREES Ss SOS SD eae TESS! (MTEL SE, || TR a Nery ral eo Le ea eee era eee) 
Pennsylvania: 
INL UE A else oi a Se et ee a eae TS 5 Eas OFA ba aS (| [Bae cme NG eee | eg pe [eRe = oe 
Tennessee: 
INGO TP - ae eOS SSeS See aes eee eet LG G73 | Bebe so 0 | es a deo SII Sea ha UR Rs 
Vermont: c 
TRUER Tee ae EN eae ee Se ee). Sle eee 7525 TOO) PLOxAOh | Saree steals | see ase eee 
Wisconsin: 
Firsts and seconds 4/4-................-.. 29" 008 | Beerena| os eee acta este cena asco 33.50 | 36.50 
INi@e Tl GOTT NO VCE eee ee | eee Ee eee ends oceeae SSansse 27.00 | 22.75 | 24.50 
WG, BcoraniTavora CYL aoe Oe ee eee bere Os ee oe. Ase eo eee el eee oe 14. 50 14.75 
IWOnSrcpmirnor4/4e5: se 8 eee een Ee hs Ce Gia Pee aces Masons aoe eee 15. 22 | 14.33 | 11.37 | 12.14 
No. 1 common and better 4/4...........-- PREAG) Wy SZC OA Te aS (4 ee See npeaeoal ace sec] basocos 
No. 2 common and better 4/4........._...|....-.. 20.67 | 19.53 | 19.78 | 24.73 | 25.22 | 23.67 26. 50 
Milipriiree eee ae tt ocak cds feos 17.32 | 16.80 | 16.74 | 15.20 | 21.03 | 14.00 | 17.46 | 18.62 


TABLE 11.—Average wholesale price of rock elm lumber (per 1,000 board feet) in various 
States, based on actual sales made f. 0. b. mill, for the years 1909-1916. 


State and grades. 


Firsts and seconds 8/4 
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No. 1 common and better 8/4 
No. 2 common and better 8/4...........-- 
IMD TH gop eco e Beene Eee eee 
Michigan: 
Firsts and seconds 8/4 
No. 2 common 8/4 
Momscommonys/4 529505 sass ee lee see eee 
No. 1 common and better 8/4 
No. 2 common and better 8/4............- 
IUD Trib nia 5 eo te ae a ee rn SI 


Ohio: 
Firsts and seconds 8/4................---- 
IM TU9| iPS Se AES ee = eee ar nes 


Wisconsin: 
Firsts and seconds 8/4 
No. 1 common 8/4 
No. 2 common 8/4 
INOSsicommMon8/4ess see he Se ee neces 
No. 1 common and better 8/4 
No. 2 common and better 8/4...........-- 
Map Erne ee ce ae ty. ce ce eS meen 
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1911 | 1912 | 1913 | 1914 | 1915 | 1916 
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E2ONOO)|| 2750s? Gees oleae bee See ae 
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ISG 5S |, OOASe (te a a at IRAE 8 
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pIsesehieiesagi es. (| 225. 2-[: cae: | neuoa 
HIE) || ae ee ee Poe a sa 
B2N68H [933 18) [oes oe = 40.00 |..-.--- $46.00 
es Sel Re ie ee (ei feta 36. 00 
245322 Ree 17.50 | 22.00 |---...-| 22.00 
SA a ra 13.62 | 16.00 |-......| 11.33 
Tes Ba) | ive aed Mee [ee sal) es 
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TaBie 13.—Average wholesale prices! of elm lumber (per 1,000 board feet) f. 0. b. mill, 
based on actual sales by mills in Wisconsin, January and February, 1917. 


= Soft elm. 
Grade. SSS ee Degen 
4/4 6/4 
Mirstsyandiseconds2e: acces aa se ae oe se ee oan ee ee ee eee $36. 63 $43. 08 $48. 36 
INoSiicommonet. scree. as: ace oe nate ee ee 26. 87 32.94 37.36 
SINT Cee DiC OTIUTI OTA eae a a eee ae en pS ceed te ees epee 18.14 21.75 19. 00 
BING OS ch CONTI LO Tdi es a rc eh I ee ey as ae 14, 42 15.33 16.37 
INO: 2/commoniandkbet ters. ccace«csmene nee eo ee caren ae eeereeee oer 24.91 SONDT lea csoseecee 


1 Figures compiled from prices of actual sales published in the weekly bulletin of the Northern Hemlock 
and Hardwood Manufacturers’ Association. 


TaBLE 14.—Average stumpage values of elm for 1907 and 1912. 


State and group. 1907 1912 
Northeastern States: 
PEM ASP ese Vc ESP SC ae pera ARE ES A BG Ge oN Se | $3.00 (7) $3.71 (26) 
INGEN fi 5 EeGaay ol obs) See re eee ti eG ee ee as egies ee a a eee | 4.65 (10) 5. 25 (8) 
IVICLINON Gece ete Ste eee eee ae NE ee ea eS eee ae a Mn ot | 4.07 (15) 4, 25 (12) 
TIN GRY YAO Keep a ee np RI SRR EC a en ee ee ee rene as | 5.07 (14) 6. 17 (56) 
Jeb hile es aoe naooeESroe Gan Oor bone SUe nos BELOEE ua rES on asaoeeaueseS | 5.35 (30) 5.93 (31) 
Average Ono Sbalestaasieseate: ce so ee eee set ec cae seen ee cca eee sane 4.74 (76) 5. 40 (133) 
North Central States: 
ONO oc 35. caenseqce bab sb) bases ube cesecasaasasosca nq uscoseaajaoeseseaSRaneS | lll @z/)) 9. 43 (76) 
Tnidiana meee aaunen et ec Sate ee HEN De Ni ak ae ian eas Be Oe | 7.64 (52) 7.78 (78) 
Awveraperole States. as cms- cea ne ane en Se eee neon ee eee aes 7.42 (89) 8.59 (154) 
Southern Appalachian States: | 
AME Ty aT Cl ra ys SP ata ofa ys Sey age eer a ecg te pe PN cS Ch eS eR aye 4.50 (2) 4. 56 (8) 
VARIN a ee a es eT care SS ae ok _ 2a peti yr a op 2.17 (6) 2. 67 (3) 
EVES CAVA: er ss pe es ar Rr ae LO ne ae OC yee red ee rs Silene 3 eee 2.19 (8) 3.00 (1) 
MEO GAC Ray paras ye eS tae OR HEU Re NS) ee a 3. 82 (24) 4.09 (29) 
MPETNESSOO SP Sesion ase Sonia a seis oe evs ea ese Melee ea ES egy Some genes aoe 2. 29 (13) 2. 80 (33) 
North Carolinas es yanese cece ee Seis s 2 SAS Se pe Se Oe Ae oats Se ne ee ee aS eee ers 3.70 (5) 
AVeLAPelOl Gi Stabtesenseaccoc oss. Soa SOs eee ne See eee meee 3. 04 (53) 3.51 (79) 
Lake States: 
Michigan— 
(WipperiPeninsmlacsee ness s oe cans means ore Ns ae re Ree P ZEQB GI) clleaeeeconcoss 
GO W.CT ME CTLTISUL] tee ee escort eee SS ee eee $5349(62)/ lb saan saeeeee 
Southern tierofcountiessss 24 2432 =p sa ee eee ee ae ere eee een 9:'67,(6);..)| 2b ae cease 
Stale vera ger is cere ieee cei ae eco he eh ee eae aes enn ie AS UT AQT (BA) 8.77 (82) 
BWWAISGOMG TED see Noes ie oe ane Oe 2 eae aL Noe ec Den 0 ree acapella 4.72 (76) §. 01 (112) 
IMAMNESO Cases 2 oie ei ae es EE ek ets Myce BOS Uekge Ree URC | 4.22 (9) 6.70 (33) 
PAV ETAPE IONS SLASH ee ee ae ea Ineo RaaS Cem chain Perera Wee cl eed | 6.10 (172) | 6.61 (227) 
i 


Note.—The numerals in parentheses indicate the number of reports on which the averages are based. 
Taken from Department of Agriculture Bulletin 285, The Northern Hardwood Forest, Table 12. 


VALUE OF STANDING TIMBER. 


Census reports on manufactures for 1899 give a stumpage price 
for elm of $3.43 per thousand board feet for Michigan and $2.39 for 
Missouri, and an average for the United States of $3.30. In the 
report for the year 1904 the price had risen to $5.58 per thousand 
for the United States. Census figures for later years are not avail- 
able. Table 14 gives average stumpage values of elm by States and 
groups of States for 1907 and 1912. These figures are averages of 
estimates by timberland owners. Reports of actual sales of stump- 
age in 1912 collected by the Forest Service give an average price of 
$8.40 per thousand board feet in the Northeastern States (Maine, 
New Hampshire, Vermont, Massachusetts, New York, and Penn- 
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sylvania), $5.87 in the Lake States (Michigan, Wisconsin, and Min- 
nesota), and $3.41 in the Southern States (Maryland, Virginia, West 
Virginia, Kentucky, Tennessee, and North Carolina). Although 
based on many reports of actual sales, these figures show only general 
tendencies of stumpage prices in these three regions. 

Elm stumpage is now largely bought up by slack cooperage and 
basket manufacturers, etc. Factories which can not use other woods 
in place of elm can usually afford to pay better prices for it than can 
the lumber manufacturers. An average price paid for soft elm on 
the stump by factories in southern Michigan would be about $12 
per thousand board feet. The logs usually bring from $15 to $20 
at the factory. In the lower Mississippi Valley the prices are some- 
what lower. Firms cutting their own timber in that section figure 
that elm logs are worth about $8 per thousand board feet at the 
mill. This is about what it costs to cut and transport to the mill, 
allowing for stumpage only $1.50 per thousand feet, for which mixed 
hardwood timber has been purchased in that region. A good quality 
of elm stumpage, of course, brings a much higher figure, depending 
on quality, amount, accessibility, etc. Rock-elm stumpage ordi- 
narily sells for from $15 to $20, and at the factory the logs sell for 
about $25 on the average. A high grade of rock elm sells for higher 
prices for special purposes. It is reported that as much as $65 per 
thousand has been paid in southern Michigan for rock-elm stumpage, 
only choice trees here and there being selected. 


COST OF LUMBER PRODUCTION. 


Since elm is commonly manufactured into lumber along with other 
woods with which it grows in mixture, the cost of converting it into 
lumber is difficult to ascertain. A theoretical cost can of course 
be obtained by subtracting the stumpage value from the mill-run 
value of the timber at the mill. For instance, subtracting the 1912 
value of elm stumpage in Michigan (Table 14), which is about $9, 
from the average mill-run value of soft elm lumber, which is ap- 
proximately $25, leaves $16, which represents the cost of production 
per thousand board feet, including the lumber manufacturers’ profit. 

Portable sawmills in Michigan generally charge from $4 to $4.50 
per thousand board feet for sawing. The lumber produced by these 
mills, however, is often not well manufactured, and not so valuable 
for Many purposes as that turned out by large stationary mills. 
There is also usually more waste in the portable mill. ~ 


MARKETS. 


Elm timber may be disposed of on the stump, in the log, or in the 
form of manufactured lumber. Considerable quantities are sup- 
plied from woodlots by farmers who sell the logs to wood-using fac- 
tories or to local sawmills. 


1 These prices were compiled, in part, from quotations furnished by the Michigan Agricultural College, 
Lansing, Mich. 
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Slack-cooperage factories afford a good market for elm in the log, 
They demand sound, straight-grained timber with clear boles and 
few knots. Hoop makers in the lower Mississippi Valley generally 
pay from $12 to $18 per thousand board feet for delivered logs, 
depending on the quality. A good grade of elm logs delivered at 
the railroad in Arkansas should bring $15 a thousand board feet log 
scale. Manufacturers are often able, however, to secure their elm 
at a lower figure. Factories along the Mississippi River can usually 
secure mixed hardwood logs in rafts, including elm, gum, cotton- 
wood, sycamore, and ash, for from $8 to $10 a thousand board feet. 
A good grade of elm logs when sold alone will usually bring from $13 
to $14 per thousand feet. Slack-cooperage firms are often able to 
- buy mixed timber, including elm, on the stump at a low figure and 
transport the logs to the factory at a total cost of $8 a thousand, 
including the stumpage price. In Michigan and Wisconsin about 
$20 per thousand is the usual price for good-quality logs delivered. 
Hoop factories can use the logs as small as 12 inches in diameter at 
the small end, and the usual lengths are 12, 14, and 18 feet. 

Factories making baskets and fruit and vegetable packages con- 
sume large quantities of elm in the log and generally pay on the 
average about $18 a thousand in southern Michigan and Wisconsin. 
Cheese-box factories get practically all their wood in the log, and 
the elm is purchased at an average price between $15 and $16 per 
thousand. Such factories can utilize low-grade material. These 
prices are for soft elm logs f. 0. b. factory. Where there is a demand 
for rock elm in the log, a better price should be secured than for the 
‘soft elm. A good quality of practically clear rock elm in the log 
may bring a high price where it is necessary for the manufacture of 
certain products, as for parts of vehicles. 

There was formerly a good demand for high-grade cork elm in the 
log or bolt by wheel makers for hubs, but this demand is now com- 
paratively small. Pieces in the round as small as 4 inches are util- 
ized, and material must be practically clear. 

Elm logs are often sold according to grade. The Hardwood Manu- 
facturers’ Association of the United States specifies three grades of elm 
logs: No. 1, select, and No. 2. No. 1 logs are 24 inches and over in 
diameter, select are 18 inches and over, and No. 2 are 16 inches and 
over. The grade is otherwise determined, in each diameter, by the — 
number of defects. Bright sap is not considered a defect. Pur- 
chasers often have.log specifications of their own, which are altogether 
different from those just given, and are suited to their own require- | 
ments. 

Where there is a considerable amount of elm and other good-saw 
timber, it may be more profitable to convert it into lumber than to 
dispose of it in the log. It should be remembered, however, that 
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well-manufactured lumber is much more valuable than lumber 
that is poorly manufactured. Some of the product turned out by 
portable sawmills can not command good prices for this reason. It 
usually pays well to exercise care in securing exact and uniform sizes 
of lumber. Graded lumber can usually be sold at a higher price 
than the ungraded or “mill run”’ because its quality is better known. 
The manufacturer can also generally use the graded stock to better 
advantage, because it is better suited to his special requirements. 

Manufacturers of vehicle stock buy considerable cork and white 
elm, and a good price can usually be obtained for high-grade material. 
Thereis agood demand by automobile body makers for thick material 
of cork elm and for white elm suitable for bending. Chair factories 
also use considerable elm in bent work and can generally utilize large 
amounts of No. 1 common and better grades. Manufacturers of 
other elm products, such as furniture, chairs, church pews, and agri- 
cultural implements, also usually buy graded lumber to meet their 
requirements. Factories often buy a certain combination of grades. 
Furniture factores, for instance, often buy a ‘“‘No. 1 common and 
better” grade. Some factories find it an advantage to buy as low as 
‘“‘No. 3 common and better” and use the lowest grade for crating. 

Timber owners often can secure valuable information on markets 
from State foresters, forest and agricultural schools, and the United 
States Department of Agriculture.t. Lists of uses for elm are given 
on pages 39 to 43 of this bulletin. icbhlee 


ELM IN THE WOODLOT.? 


With the great modern reduction in the timber supplies of the 
country, the farm woodlot has constantly gained in importance as a 
source of timber for both local and general consumption. Elm, 
while rarely very abundant in wood)lots, is still of frequent occurrence 
in them. The different kinds are rather alike in their growth needs. 


1 Woodlot owners should secure Farmers Bulletin 715, ‘‘Measuring and Marketing Woodlot Products.” 

2 Prepared by E. H. Frothingham, Office of Forest Investigations. 

3 Anidea of the degree of prevalence ofelmin woodlots is givenin the following statement, compiled from 
reports of woodlot ownersin different States and counties. The figures have no relation to the abundance 
ofelm, but simply give the percentage of the woodlots examined which contained elm, whether in large or 
in small quantity: 

Percentage of woodlots examined which contained elm. 


Region. 


; Per cent. 
morpheastern Connecticut (Windham County,))-- --2-- 22222-2209. = 32 soe obec eo cee eee eeie2 cei 1-3 
Northwestern Vermont (Franklin County)........-..---- eee eerie: See san ecw Ee LL, Ot DS2 8.3 oe 8.2 
Monihernpin ciara (AXOSCiUSKO|COUTILY,)s sateen = eee as 2 as erase aac gece: He scioces bubs 53.3 
esis diaries (acisoni County) ses 8 oc es a2-6 one oe ae Ree as Sea vere tate 68.4 
Een Nermbln diana Clacksom County) escce esac ser setae eee OE Seer e eo eae eee ene eres 16.2 
Meshcalavirsconsim (Marathon. County): cee os sec eee nen Pere Soe eth ee basse seeceeeses 46.8 
SeHahcrnpMiniesora Mcleod County) mene eee eee eo ene eye one wea ee eee atu SS eee ae 84.0 
BEEscereprowal Clones) COUNtY eeetee. acne ne =e se ee ee ee ee eee ssw Jpuodesacesessc 53.3 
Southeastern Nebraska (Gage County)-..........--- Eg Shes mt Nene he i ee RR de Ee 54.3 


_ Central Tennessee (Rutherford County)...-..--.---.---------++2+-- 22-22-22 see eee eee ener eee 40.0 
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All need much light, and so do best when their crowns are well above 
those of their neighbors. This is the usual position of white elm, at 
least, in the old-growth forests. All make their best growth in good 
deep, fresh, or moist soil with good drainage, but will succeed even 
on upland sandy or stony soil, if not too dry and shallow. Where 
creeks run through woodlots, elms are more apt to be found along 
their borders among such trees as maple, beech, birch, white and red 
oaks, and basswood. Among the oaks, hickories, pine, etc., which 
commonly occupy the drier sites, elms are usually rare or absent. 
In woodlots in river bottoms white elm is often one of the most 
abundant trees, growing among cottonwoods, silver maples, syca- 
mores, and other moisture-loving species. 

Most of the woodlot elm is white elm, especially in the region north 
of central Ohio, Indiana, and Illinois. This is rather unfortunate, 
since for woodlot purposes white elm is probably the least useful 
of the three common species (white, cork or “‘rock,” and slippery or 
“red’’ elm). Its growth rate, while only moderate, is more rapid 
than that of the other species, but the usefulness of the wood for 
farm purposes is less. It is less desirable than slippery elm for fuel, 
and probably somewhat less resistant to decay and therefore less 
useful for fence posts, sills, etc. For lumber or bolts intended -for 
wagon manufacture and similar purposes, cork elm is, of course, 
superior to the other species. 

Where mature elm of either of these three species, or young, thrifty 
trees of cork or slippery elm are present in a woodlot they should be 
counted a resource; but it is often of doubtful advisability to plant 
elm or attempt to secure natural reproduction, for the purpose of 
producing wood. Efficiency in woodlot management or planting 
demands careful discrimination as to species, and various species of 
oak, pine, etc., may often be better material, depending on soil, 
drainage, and economic conditions, than elms. Before making the — 
choice as to trees to be planted or favored in woodlots, owners should 
secure whatever information is available with reference to the differ- 
ent useful species and the conditions under which each is worthy of 
selection. Advice on such questions can usually be obtained easily 
from State foresters in the States which employ them, from forest 
schools, or from the Forest Service, United States Department of 
Agriculture. 

SUMMARY AND CONCLUSIONS. 

The value of elm wood for special purposes is due to its strength, 
excellent bending qualities, and high degree of ability to stand shock. 
These properties make it valuable for hoops of various kinds, basket — 


1 The following bulletins of the United States Department of Agriculture contain information which 
may be of use to woodlot owners in this connection: 
Bulletin 153, “‘ Forest Planting in the Eastern United States.” 
Bulletin 481, ‘‘Status and Value of Farm Woodlotsin the Eastern United States.” 
Farmers’ Bulletin 711, ‘“‘Care and Improvement of the Woodlot.” 
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rims and handles, bent work in vehicles and chairs, and framework 
of such products as furniture and agricultural implements. 

Elm is becoming scarce, and consequently higher priced. In the 
region of the Great Lakes, where the largest supply has been, fac- 
tories often find it difficult to get a sufficient quantity, and many of 
them have been forced to remove to the lower Mississippi Valley 
region for a new supply. 

A fairly constant, though probably diminishing, supply of elm is 
assured for a long time to come because the different elm species, 
taken altogether, have a wide range and form an appreciable per- 
centage of the mixed hardwood stand throughout the eastern half 
of the United States. In many strictly agricultural areas elm is 
often found near streams and on-lands not suitable for tilling. 
Farmers’ woodlots, which have furnished a large part of the past 
supply of elm, can not be depended upon, however, for a constant 
future supply, because farmers will prefer more rapid growth and 
more widely useful species. 

The future use of elm will be restricted for the most part to those 
purposes for which other species are not satisfactory. On account 
of the higher price and increasing scarcity of the supply, manufac- 
turers are substituting many other woods for elm where this is 
possible. 

Elm in the log can be best utilized for hoops, parts of baskets, 
and such articles as cheese-box rims. A good grade of elm is required 
for bent work by manufacturers of different kinds of vehicles and 
furniture. The cork elm and dense second-growth material of other 
elm species is particularly in demand by vehicle makers, especially 
automobile-body manufacturers, and for certain kinds of wooden- 
ware articles. Large amounts of low-grade elm are used by factories 
for crating. 

Timber owners are often enabled to find a suitable market by 
writing to the Forest Service, United States Department of Agri- 
culture, and to State forestry officials. 


CLASSIFIED USES OF ELM IN DIFFERENT WOOD-USING INDUSTRIES. 
WHITE ELM. 


Agricultural implements.—Cultivator frames, cultivators, drill boxes, fishbacks, 
harrows, hay balers, hay racks, hayrakes, plow handles, machine platforms, potato 
diggers, press racks, root cutters, seeder rims, shoveling-board cleats, spraying ma- 
chines, stump pullers. 

Baskets and crates.—Bails, basket; bands, basket; bottoms, basket; baskets, banana; 
baskets, bushel; baskets, fruit; baskets, grain; baskets, grape; baskets, shipping; 
baskets, splint; baskets, split; baskets, vegetable; baskets, waste; box shooks; boxes, 
apple; boxes, candy; boxes, cigar; boxes, comb; boxes, knife; boxes, seed; boxes, 
trunk; boxes, veneer; boxes, wheelbarrow; boxes, woven; cases, egg; cleats, bottom; 
crates, bushel; crates, egg; crates, onion; crates, potato; crating; crating, automobile; 
crating, buggy; crating, carriage; crating, wagon; frames, banana carriers; hampers, 


40 BULLETIN 683, U. S. DEPARTMENT OF AGRICULTURE, 


banana; hampers, clothes; handles, basket; hoops, basket; packages, fruit; packages, 
vegetable; packing, fruit. 

Brushes.—Brush backs; brush blocks. 

Car construction.—Car repairing; cars, electric; locomotive cabs, interior; railway 
coaches; tie plugs. 

Dairymen’s and poulterers’ swpplies.—Brooders; cheese-box frames; cheese-box rims; 
cheese boxes; coops, chicken; dashers; incubators; poultry roosts. 

Dowels.—Dowels. 

Elevators —Elevators. 

Equipment, playground.—Bent hammock spreaders; hammocks, porch; merry-go- 
round parts. 

Frames and molding.—Moldings, picture. 

Furniture and fixtures.—Bed rails; Bible stands; bookcases, inside cork; cabinets; 
cabinets, medicine; cabinets, seed; cabinets, toilet; carvings; chair backs; chair bot- 
toms; chair frames, upholstered; chair rods; chair-seat frames; chair seats; chair stock; 
chairs, bent; chairs, kitchen; chiffoniers; china closets, inside work; church furni- 
ture; commodes; commodes, inside work; costumers; cots; couch frames; couches; 
cribs; cupboards; davenport frames; davenports; drain boards; drawer ends; drawer 
sides; drawer tops; dressers; fixtures; fixtures, bank; fixtures, bar; fixtures, barber 
shop; fixtures, office; fixtures, store; furniture frames; furniture frames, upholstered; 
furniture, office; ice boxes; ice chests; kitchen-cabinet_ backs; kitchen-cabinet parti- 
tions; kitchen-cabinet posts; kitchen-cabinet shelves; kitchen cupboards; kitchen 
safes; lounge frames; mission furniture; music cabinets; opera chair backs; opera-chair 
seats; parlor cabinets, inside work; pew backs; pew ends; pew seats; pigeon-hole 
cases, desk; pulpits; refrigerators; rocker frames; rocker runners; rockers; shelves; 
showcases; sideboards; sofa frames; spring-bed frames; stands; table frames; table 
legs; table slides; tables; tables, billiard; tables, communion; tables, extension; tables, 
kitchen; tables, library; tables, parlor; wall cases; wardrobes. 

Handles —Handles; handles, cant-hook; handles, crosscut saw; handles, peavy; 
pike poles. 

Instruments, musical.—Banjo necks; binders, piano backs; organs; piano backs; 
piano benches; piano bridges; piano posts; piano stools. 

Insulator pins and brackets —Insulator pins. 

Laundry appliances —Ironing boards; wash benches; washboards; washing machine 
dashers; washing machine parts. 

Machine construction.—Folding machines; hose menders; machinery construction; 
power pump skids; roll paper cutters. 

Machinery and apparatus, electrical—Apparatus parts, electric; telephone accesso- 
ries; telephone apparatus. 

Patterns and flasks —Flasks; flasks, foundry. 

Planing-mill products —Beams; finish; flooring; floors, cellar; interior finish; mold- 
ing; sheathing. : 

Printing material —Cases; printers’ cabinets. 

Pulleys and conveyors —Pulleys; packing strips. 

Pumps.—Buckets, pump. 

Saddles and harness.—Cantles, saddletrees; hames; horse pokes. 

Sash and doors.—Grain doors. 

Ship and boat building —Boat ribs; boats; boats, motor; boats, row; canoe-boat 
bottom boards. 

Signs and supplies.—Signboards; signs, advertising. 

Slack cooperage —Headings; head linings; hoops; staves. 

Sporting and athletic goods.—Tennis frame throats; billiard tables. 

Tanks and silos —Silo rims. 

Toys.—F urniture, toy; sleds, toy. 
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Trunks and vehicle parts—Automobile bodies; automobile-body framework; auto- 
mobile body seat frames; automobile bows; automobile doors; automobile dusters, 
automobile floor boards; automobile running boards; bentwork; carriages and auto- 
mobiles; bob sleds; buggy bows; buggy cushion frames; buggy hubs; cart trees; cutter 
bodies; cutter frames; doubletrees; eveners; eveners, wagon; go-cart rods; handles, 
cart; hubs, vehicle; hubs, wagon; hubs, wheelbarrow; rims, bicycle; singletrees; sled 
beams; sled runners; sleds, hand; sleds, mountain oscillator; sleigh runners; sleighs; 
spokes, wagon; stone boats; vehicle bodies; vehicle frames; wagon-bottom stock, 
wagon bows; wagon cleats; wagon repairing; wagon tongues; wheelbarrows. 

Woodenware —Bails, bucket and pail; barbers’ checks; bushel measures; cheese 
boxes; coat hangers; game boards; hoops, bucket; hoops, woodenware; ironing boards; 
ladders; pails; pastry boards; pastry sets; plugs, paper roll; riddle rims; rungs, ladder; 
sieve rims; sieves, ash; sleeve boards; splints; traps, mouse; traps, rat; tubs. 


SLIPPERY ELM. 


Agricultural implements —Compressers, hay balers’; doubletrees, plow and harrow; 
drill boxes; eveners; eveners, plow and harrow; harrow parts; hay baler parts; hay 
loader parts; hayrake parts; hoppers; machine handles; plow handles; seeder boxes, 
farm implements; vane slats, windmill; wheel slats, windmill. 

Baskets and crates —Baskets; box shooks; boxes; boxes, woven-wire; cases, egg; 
crates; crating; handles, basket; rims, basket. 

Dairymen’s and poulterer’s supplies—Butter-churn bows; butter-tub rims; stock 
racks. 

Dowels. —Dowels. 

Elevators —Elevator platforms. 

Equipment, playground—Bent hammock spreaders; lawn swings. 

Furniture and fixtures —Buffets; church pews; fixtures; kitchen-cabinet shelving; 
kitchen cabinets; panels, veneered; refrigerators; rockers, chair. 

Handles —Handles. 

Instruments, musical—Banjo rims; piano backs; posts, piano backs. 

Machine construction.—Engine skids; flour-mill machinery parts; gasoline-engine 
trucks; machine platforms, vender machines. 

Pumps.—Sweeps. 

Saddles and harness —Neck yokes; ox yokes; saddletrees. 

Slack cooperage.—Headings; hoops; staves. 

Trunks and valises.—Trunks. 

Vehicles and vehicle parts—Bent panel backs, light vehicle; bentwork, carriage; 
hounds, vehicle; hubs; hubs, light vehicle; hubs, wagon; singletrees; sleigh runners; 
trucks, hand; wagon beds, coal; wagon reaches; whiffletrees. 

Woodenware.—Game traps; ladders; ladders, store; lard tubs; mouse traps; rat 
traps; riddle rims; sieve frames; sieve rims; step chairs. 


CORK ELM. 


Agriculture implements.—Crossbars; doubletrees, plow and harrow; eveners; eveners, 
plow and harrow; feed cutters; grain boxes, corn planters; harrow parts; hay baler 
parts; hay-loader parts; hay racks; hayrakes; hoppers; hoppers, grain; machine handles; 
thrasher posts; wheat drill boxes. 

Baskets and crates —Baskets; baskets, vegetable; box shooks; boxes; boxes, cigar; 
boxes, packing; boxes, woven wire; cases, egg; crates; crating: hoops, basket; rims, 
basket. 

Car construction.—Car construction; dump cars. 

Dairymen’s and poulterers’ supplies —Butter-tub rims; churns, butter. 

Dowels.—Dowel rods; dowels. 
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Elevators.—Battens; beams, elevator cars; boxes, weight, dumb waiter; cleats, 
dumb waiter; elevator platforms; guide posts, dumb waiter; guide rails, dumb waiter; 
overhead beams, dumb waiter; shelves, dumb waiter. 

Equipment playground.—Lawn swings. 

Furniture and fixtures.—Buffets, inside work; chairs, wicker; kitchen cabinets; 
pews, church; posts, seat; rockers, chair; settees; settees, bent wood; tables, bent wood. 

Handles.—Handles; handles, file; handles, machine; handles, snow shovel; scythe 
snaths. 

Instruments, musical.—Piano cases. 

Machine construction.—Engine skids; friction blocks, derrick; friction blocks, 
hoisting machine; gear parts, flour-mill machinery; grist mills; platforms; trucks, 
easoline engine. 

Machinery and apparatus, electrical_—Telephone pins. 

Planing mill products.—Interior finish. 

Printing material.—Printers’ cabinets. 

Pulleys and conveyors.—Cable rollers. 

Saddles and harness.—Cantles; neck yokes; saddletrees; stirrups. 

Ship and boat building.—Boats; launch-wheel drums; steering wheels. 

Slack cooperage.—Headings; head linings; hoops; staves. 

Sporting and athletic goods.—Horizontal bars. 

Trunks and valises.—Sample cases; trunk slats; trunks. 

Vehicles and vehicle parts—Automobile bent seats; automobile body parts; auto- 
mobile door pillars; automobile seats; baby carriages; bent frame backs; light vehicles; 
bent work; bob sleds; bows; buggy frames; cutter bodies; cutter frames; cutter runners; 
cutter stock; eveners; handcar frames; hand trucks; hounds, light vehicle; hounds, 
vehicle; hub blocks; hubs; hubs, carriage; hubs, light delivery wagon; hubs, light 
vehicle; push cars; railroad-velocipede handles; reaches; reaches, light vehicle; 
singletrees; sled knees; sled runners; sled runners, bent wood; sleds; sleigh bodies; 
sleigh runners; sleighs; spokes, wagon; truck rims; vehicle bodies; vehicle frames; 
wagon beds, wagon gears; wagon spokes; wagon tongues; wheel rims; wheel rims, 
automobile; wheelbarrows; whiffletrees. 

Woodenware.—Bails, pail and bucket; chairs; step ladder; hoops, bucket; hoops, 
pail; hoops, woodenware; ladder rungs; ladders; lard tubs; mouse traps; sieve frames; 
sieve rims; sifter handles; stepladders; stools, stepladder; tent pins; tent slides; 
tubs, lard. 

_ WING ELM. 

Agricultural implements.—Agricultural implements (bent wood). 

Baskets and crates.—Boxes; crates. 

Furniture and fixtures.—Cabinet legs; bed slats. 

Slack cooperage.—Staves; hoops. 

Trunks and valises.—Suitcases; trunks. 

Vehicles and vehicle parts.—Carriage shafts; wagon hubs; wagon poles. 

Woodenware.—Hoops. 

Saddles and harness.—Saddletrees. 


ELM. 


Agricultural implements.—Cradles; cradle bows; feed tables; grain drills; harvesters; 
hay racks; mower poles; reaper poles. 

Baskets and crates.—Basket bottoms; basket covers; baskets; baskets, banana; 
baskets, fruit; baskets, grape; baskets, vegetable; boxes; boxes, cigar; bread-box 
slats; cases, egg; cases, fruit; crates, bushel; crates, fruit; crates, vegetable; crating; 
crating corners; crating posts; hoops, fruit package; hoops, vegetable package; package, 
fruit; package, vegetable; trays, grape. 
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Car construction.—Pullman-car repairing. 

Caskets and coffins. —Coffins. 

Dairymen’s and poulterers’ supplies —Cheese-box heads; cheese-box hoops; coops. 

Equipment, playground.—Croquet sets. 

Furniture and fixtures —Bed slats; bent work; cabinetwork; cabinets; camp furni- 
ture; chairs; chairs, children’s; church furniture; couch frames; desks; drawer bot- 
toms; fixtures; fixtures, store; framing, rattan furniture; furniture frames; reiriger- 
ators; rockers; seats, church pews; shelves, school desks; show-case bottoms; show- 
case panels; show-case tables; soda iountains; tables. 

Gates and fencing. —Gates; fencing. 

Handles.—Handles. 

Instruments, musical.—Organs; panels, musical instruments; piano cases; piano 
parts; pianos; pipe organs; talking-machine horns. 

Instruments, professional and scientific.—Tool chests. 

Laundry appliances.—Laundry appliances. 

Machine construction.—Horsepower; machine construction; paper-mill supplies. 

Planing-mill products.—Finish; interior finish; planing-mill products. 

Printing material_—Printers’ supplies. 

Pulleys and conveyors.—Conveyors; pulleys. 

Sash and doors.—Sash. 

Ship and boat building.—Barges; boat frames; boats; ship building; ships. 

Sporting and athletic goods.—Sporting goods. 

Toys.—Boys’ sleds; boys’ wagons; toys. 

Trunks and valises.—Trunks. 

Vehicles and vehicle parts.—Automobile bodies; axles; bows, bending; felloes; fram- 
ing, baby carriage; hubs; sled; spokes; vehicle poles; wagoas; wheel rims; wheel- 
barrows; whiffletrees. 

Woodenware.—Grain measures; hoops; kegs; kits; oil-can jackets; pails; pails, tobacco; 
tubs; woodenware. 
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INTRODUCTION. 


In the more southern apple-growing sections of the United States 
the disease having the common name bitter-rot or ripe-rot and 
caused by the fungus Glomerella cingulata is one of the most de- 
structive with which growers have to contend. In some seasons it 
is undoubtedly the most destructive. The financial loss from apple 
bitter-rot is increased by the fact that whereas such diseases as scab, 
blotch, and blight destroy the crop in early spring or prevent its 
setting at all, bitter-rot does not ordinarily begin until July and 
usually does not complete its ravages until September or even later. 
The grower, then, may during the early part of the season spend 
his time and money spraying for the control of other diseases, such 
as scab and, blotch, and of insect pests, only to see his fruit finally 
succumb to bitter-rot in midseason, often despite his best efforts to 
prevent it. As compared with the control of scab and blotch, which 
are also important apple diseases in the South, the control of bitter- 
rot is difficult of accomplishment. In the case of scab and blotch, 
definite times can be set for the application of sprays for control 
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purposes, since these diseases appear only in the early part of the 
season when the apple is in a definite stage of development. With 
bitter-rot, however, infections may occur from about June 15 until 
well into September. If the weather is hot and moist and sources of 
infection are present in sufficient numbers, the whole crop may be 
destroyed within a week, almost before the orchardist is aware that 
the disease has broken out. The writer has seen cases in svhich 
the grower on visiting his orchard for the purpose of inspecting the 
crop preparatory to picking has been surprised to find every apple 
rendered worthless by bitter-rot, while only a few days before the 
crop had appeared to be entirely free from disease. Naturally such 
experiences as this cause southern growers to dread this rot more 
than any other disease affecting the apple, with the possible exception 
of pear blight. 

Estimates of the annual losses caused by apple bitter-rot are very 
difficult to make with any degree of accuracy because of the great 
seasonal variation of the disease, due mainly to weather conditions 
and because of the variation in the amount of damage done in differ- 
ent sections from year to year. Local conditions also play a great 
part in the variations of this disease. A local shower on a hot July 
afternoon may supply just the right conditions of extreme heat and 
moisture to give the disease a beginning which finally may lead to 
the total destruction of the apple crop, whereas a few miles away 
conditions may be such that the disease is unable to gain headway 
all season. 

Although the causal fungus is found in apple-growing sections 
of States farther north and also in Europe and Australia, bitter-rot 
is a serious disease only in the more southern apple-growing sections 
of this country. Apparently the fungus is to be found in practically 
every section of the world in which apples are grown, but is capable 
of causing very serious losses only under the warm moist weather 
conditions of the southern apple-growing sections of the United 
States. According to Edgerton (7)* and Schneider-Orelli (11), 
the fungus as it occurs in the northern United States and in Europe 
is physiologically different from the fungus associated with the 
serious bitter-rot of the Southern States. 

Bitter-rot is typically a hot-weather disease. Accordingly, the hot 
weather of the South coupled with sufficient moisture for germina- 
tion of the spores is peculiarly favorable to its development. Ideal 
weather for bitter-rot infections is furnished by high temperature 
and high humidity with the interspersion of frequent showers. 

The earliest reference to apple bitter-rot is usually credited to 
Berkeley (2) in 1856, but Ricker (9) in 1916 discovered a reference 


The serial numbers in parentheses refer to ‘“ Literature cited,” at the end of this 
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to it in an unpublished manuscript by Coxe, dated May 30,1829. In 
this manuscript, apple bitter-rot is referred to as being a common dis- 
ease, and slaked lime placed about the tree is mentioned as having 
been advised as a remedial measure. 

The fungus which causes bitter-rot of the fruit also causes a canker 
of apple branches. As the branch cankers are chiefly important as 
sources of rot infection, they will be described and discussed under 
the head “ Sources of infection.” 

The time of appearance of the rot depends upon weather condi- 
tions primarily, although it also depends to some extent upon the 
condition of the fruit and the proximity and number of sources of 
infection. The fruits of susceptible varieties may be infected even 
when they are quite young and green, provided the weather is hot 
and moist and sources of infection are present. On the other hand, 
some varieties are not easily infected until midseason except under 
extremely favorable conditions. 

Where the sources of infection are particularly abundant, the dis- 
ease may gain some headway even during seasons in which the 
weather is relatively unfavorable for its development. 

Glomerella cingulata (Stoneman) Spaulding and Von Schrenk, a 
fungus having an ascogenous, or “ perfect,” form and a conidial, or 
“imperfect,” form, is the casual organism involved in the production 
of apple bitter-rot. The most common fruiting stage is the 
Gloeosporium, or conidial, the so-called “imperfect,” stage. 

The conidial masses, or acervuli (PI. I, figs. 4, 5, and 6), when 
newly formed are pink and mucilaginous or thinly gelatinous. 
Later, however, upon drying they become dark colored and of a 
hard, horny consistency. It is through the agency of the conidia 
that nearly all of the damage to the fruit of the apple is brought 
about. The gelatinous nature of the conidial masses when wet and 
their horny consistency when dry prevent the dissemination of the 
conidia by the wind, but raindrops can spatter them about and espe- 
cially upon the apples located below infected fruit. Excessive mois- 
ture can also cause the conidial masses to trickle or drip down, and 
here the wind may play a part in modifying the direction of their - 
downward course. 

Birds probably play some part in the dissemination of conidia, 
but a much more important part is played by insects, more espe- 
cially by flies. Clinton (6) in 1902 first showed that the disease 
could be disseminated by flies. The writer has often observed flies 
which, after alighting upon infected fruits and coming in contact 
with the mucilaginous spore masses, have flown and alighted upon 
sound apples upon the same and other trees. 

As noted by Burrill and Blair (4) in 1902, conidia embedded in the 
hornv mass of the acervulus, if kept dry, retain their vitality during 
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many weeks and even months, but when once suspended in water sub- 
sequent drying kills them. These observations have several times 
been confirmed by the writer. 

The ascogenous stage (PI. I, figs. 1, 2, and 3) is not very easily 
found in nature or, if found, is rather difficult to identify, owing to 
the frailness and consequent evanescence of the asci. Clinton (6) in 
1902 and Von Schrenk and Spaulding (12) in 1903 succeeded in find- 
ing it in diseased fruits and cankers, respectively. The writer has 
also found this stage in bitter-rot mummies, in cankers caused by 
the bitter-rot fungus, and in cankers caused by other agencies. 


SOURCES OF INFECTION. 


MUMMIED FRUITS. 


The mummied or rotten fruits which have remained upon the tree 
or upon the ground since the preceding autumn constitute one of the 
most important sources for the infection of the fruit of the current 
year (PI. II, fig. 1). Often, especially in the eastern United States, 

‘they are by far the most important means by which the fungus is 
carried over from one season to another. 

Clinton (6) in 1902 showed that the fungus could live through the 
winter in mummied fruits. He states— 

However, in the fall and succeeding spring on the mummy apples, the fungus, 
as a saprophyte, gives rise to the permanent or Gnomoniopsis (Glomerella) 
spore stage. The Gloeosporium spores that have not been carried away disap- 
pear through germination, and more or less of a mat of fungus thread covers 
the apple. Protected by this, perithecia that develop asci, with ascopores, 
which evidently came to maturity the next summer, are gradually developed 
in a stroma. These ascospores are shed out of the asci and perithecia when 
mature and are then scarcely to be distinguished from the Gloeosporium spores. 
No doubt they are carried by the pomaceous flies to the green apples and thus 
start the disease again for another year. 

As recorded by Burrill and Blair (4), Hasselbring did not find the 
second spore forms, described by Clinton, on mummied apples kept 
out of doors, but he found that the fungus ordinarily retains its 
vitality in a dormant state in winter, and in May or later under 
proper conditions begins to produce again the same kind of spores, 
borne on fertile threads of the fungus, in the same manner as it did 
the preceding summer. Spores secured from old mummies were in- 
oculated into green apples and produced typical bitter-rot spots. 
This was repeated with spores from bitter-rot mummies collected in 
different orchards, and was found to be an easy procedure. Burrill 
and Blair add— ) 

The spring infection may therefore start from these old apples, and recent 


observations in the field have given indisputable evidence that it does sometimes 
so occur, 
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Microscopic CHARACTERS OF THE APPLE BITTER-ROT FUNGUS 


Fic. 1.—A perithecium from an artificial culture of Glomerella cingulata isolated from 2 canker 
caused by Phyllosticta solitaria. X 350. 

Fig. 2,—Asci from a perithecium obtained in the same manner as that shown in figure 1. > 350. 

Fig. 3.—Ascospores from asci obtained in the same manner as those shown in figure 2. 425. 

Fic. 4.—Section through an acervulus from a bitter-rot spot on a Ben Davis apple artificially pro- 
duced through the agency of spores from pure cultures of the fungus. The cultures were made 
from conidia obtained from a bitter-rot canker. X 350. 

Fig. 5.—Conidiophores and a conidium from the acervulus shown in figure 4. 350. 

Fie. 6.—Conidia from the acervulus shown in figure 4. 425. 
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PLATE II. 


APPLES AFFECTED WITH BITTER-ROT. 


Fic. 1.—An apple affected with bitter-rot and, just above it, a mummied apple of the 
preceding season. Spores washed down from the mummy have infected the pre- 
viously sound apple. Variety, Yellow Newtown, Greenwood, Va., 1916. 

Fic. 2.—Apples with the ‘‘peppered”’ appearance caused by many infections. These 
small blisterlike spots were due to infection by spores coming directly from a bitter- 
rot canker. Variety, Missouri. Bentonville, Ark., 1914. 


SOURCES OF APPLE BITTER-ROT INFECTIONS. 5 


Von Schrenk and Spaulding (13) in 1908, after investigations 
carried on.in Missouri, state— 

Another source of infection is found in the dried mummies hanging on the 
trees and lying on the ground under the trees. The diseased apples of one 
season either fall to the ground (most of them do) or they remain on the trees, 
where they dry and shrivel up. When examined in the. spring many of these 
mummified fruits are found to contain spores of the bitter-rot fungus in 
quantity. 


Again they state— 


It was formerly supposed that the fungus passed the winter in the mummies, 
but as most of these were on the ground it was difficult to understand how the 
apples high up in the trees became infected. It now seems probable that the 
mummies play a comparatively small part in serving as distributing points for 
spores from year to year. 

In 1902, Alwood (1), as the result of observations and experiments 
in Virginia, came to the conclusion that the mummied fruits on the 
tree and the rotted fruits on the ground were the chief sources of 
infection. He states— 

It appears to be well established that the mummied fruits hanging to the 
trees and the rotten fruits upon the soil constitute in large measure the source 
of the annually recurring infection. To my mind these fruits are the source 
of infection. 

Scott (14, p. 12) in 1906, in his discussion of sources of infection, 
states— 

The results [of observations made in Virginia and West Virginia orchards] 
lead to the conclusion that the overwintering mummies hanging on the trees 
constitute the chief source of infection, at least in this particular region. In 
the majority of cases examined, 2 mummy could be found in the upper portion 
of the infected area. 

Burrill (3) in 1907 considered that mummies on the ground rarely 
acted as infection sources. 

The writer (10) in 1915, as the results of investigations in the 
Ozarks of Arkansas, stated— 

Masses of spores were also obtained many times from mummies, and where 
mummies are present they undoubtedly are important sources of infection. In 
many of the badly infected orchards, however, they had been removed both from 
the trees and from the ground. 

It will be noted that eastern investigators consider mummied and 
rotted fruits as the principal means by which the fungus is carried 
over from season to season. Investigators working in the Middle 
West, however, consider them as of only secondary importance in 
the survival of the fungus through the winter. 

The writer during the past three years has examined mummied 
and rotted fruits of previous seasons from orchards in Virginia and 
in Arkansas. In both mummies and rotted fruits of the preceding 
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year the fungus is usually to be found. However, neither furnished 
a good medium for the fungus, and as a result the number of spores 
(usually conidia) produced is quite small compared with the number 
which the fungus produces when growing in a newly rotted fruit of 
the current season. The size of the spores is usually somewhat re- 
duced also. 

A mummy hanging on a tree furnishes a. medium which is de- 
ficient in moisture and in plant food. In the case of the rotted 
apples on the ground the bitter-rot fungus must compete with many 
of the mold and rot fungi and bacteria which are less susceptible 
to cold and which are true saprophytes. In examining rotted fruits, 
one finds a mixture of the spores of the bitter-rot fungus and those 
of various molds, together with numerous bacteria. 

In both Virginia and Arkansas orchards, mummies and rotted 
fruits undoubtedly are important sources of infection. The writer 
has examined infected orchards in Arkansas in which bitter-rot 
mummies and rotted fruits of the preceding year were abundant in 
the trees and on the ground and in which no other sources of in- 
fection could be found. Some of the most seriously infected or- 
chards which the writer has seen, however, were Arkansas orchards 
from which the mummies and rotted fruit had been removed. Gen- 
erally, in Arkansas few mummies are to be found in the trees, and 
as nearly all growers practice clean cultivation throughout the 
earlier part of the season those which have fallen to the ground 
have been turned under. It has been a common practice, too, for 
the grower to gather up and haul to evaporating plants the best of 
the dropped fruit and to sell the rotten and diseased fruit to the 
distilleries. 

The writer agrees with Alwood and Scott that mummies are the 
chief sources of infection in the orchards of Virginia. In that State 
the Yellow Newtown variety, known locally as the Albemarle Pip- 
pin, is the commercial variety which is damaged to the greatest 
extent by the disease. This variety is grown for the most part in 
coves of the Blue Ridge, situations which usually do not admit of 
cultivation. These trees do not come into bearing until they are 
about 15 years old, and they are very long lived. Accordingly, most 
of them are rather old and quite large. The dropped fruits 
have no economic value. There are many reasons, therefore, why- 
rotted fruits should be left on the ground. There are usually some 
mummies also to be found hanging on trees of such size. The writer 
counted more than a hundred on one tree, which, however, was an 
unusual number. In Virginia he was easily able to trace the source 
of clumps of rotted fruits to mummies hanging in the trees. This 
is readily done if examination is made shortly after the first out- 
break of the disease. 


SOURCES OF APPLE BITTER-ROT INFECTIONS. Tf 


In many Virginia orchards the lower limbs when laden with 
fruit reach to the ground. Im such cases the disease could be found 
first on the fruits in contact with those of the previous season on 
the ground. From these infected fruits spores could easily be car- 
ried to sound ones. 

The writer has frequently attempted to find the fungus in mum- 
mies and rotted fruits which were more than a year old, but has been 
uniformly unsuccessful. Those upon the trees appear to be dried up 
so thoroughly at the end of a year that they drop from the tree; 
those on the ground finally become almost wholly disintegrated 
through the action of molds and bacteria. 

In Virginia, therefore, mummies and rotted fruits, being more 
prevalent, are of more importance as sources of infection than they 
are in Missouri and Arkansas. In the last-named States cankers may 
overshadow them in importance. 


BITTER-ROT CANKERS. 


REVIEW OF THE LITERATURE. 


In 1902 R. A. Simpson discovered that in Illinois a certain type 
of canker was associated with outbreaks of bitter-rot. He found 
that if search was made shortly after the first outbreak of the dis- 
ease such cankers were to be found just above a clump of infected 
fruits. Simpson’s discovery was announced at about the same time 
by Burrill and Blair (4) and by Von Schrenk and Spaulding (13). 

Burrill and Blair (4) in 1902 stated that Hasselbring had shown 
the fungus found in these cankers to be identical with the bitter-rot 
fungus. Hasselbring found that the fungus from the cankers would 
cause typical bitter-rot when introduced into sound apples. 

Von Schrenk and Spaulding (13) in 1903 also showed that spores 
from the cankers could cause typical bitter-rot when introduced into 
sound apples. They further showed that spores could be washed 
from the cankers by water and that when falling upon apples they 
could produce bitter-rot. To determine whether or not the Glomer- 
ella could actually be the causal organism involved in the production 
of cankers, they imoculated sound branches with spores (conidia) 
from pure cultures. As a result of these inoculations cankers were 
formed which showed the characters of the cankers found by Simp- 
son. From these artificial cankers Von Schrenk and Spaulding re- 
isolated the fungus and also inoculated apples with conidia produced 
in the cankers. They describe the development of the artificially pro- 
duced cankers as follows: 

Several weeks elapsed before there was any evidence of development on 


the limbs. In both the inoculated slits and tne control slits the bark dried 
somewhat along the edges of the slit, making a gaping wound. After some 
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two weeks a distinct callous layer had formed under the edges of the control 
slits. ‘The two callous layers joined after six to eight weeks and occluded 
the wound. In the slits where bitter-rot spores had been inserted the callous 
formation was less marked. The exposed wood turned dark, almost black, 
and the exposed edges of the bark turned back. The living bark then began 
to dry out gradually and became depressed, and after about two months a 
decided, sharply defined depressed area had formed, with the slit in the center. 
Shortly thereafter small black pustules broke through the dried bark in a 
number of instances. By that time the infected points showed all the char- 
acteristics of small cankers. On examination the black pustules were found 
to contain masses of spores resembling those of the bitter-rot fungus. 


Alwood (1) in 1902, while admitting that cankers may be the 
chief sources of infection in Illinois and Missouri, as stated by Bur- 
rill and Blair (4) and by Von Schrenk and Spaulding (13), did not 
think that these statements applied in Virginia. He stated— 

In no instance have we been able to find the presence of the bitter-rot fungus 


on the limbs or trunks of apple or pear, though we have especially watched for 
its occurrence. 


Scott (14) in 1906 made the following statements: 


Limb cankers occur abundantly in Virginia orchards, but the writer has so 
far been unable to find the bitter-rot fungus associated with any of them 
: in no case was there found associated with such outbreaks any can- 
kers that could be identified as bitter-rot cankers. 


Burrill (8) in 1907 stated that a wound is necessary for the begin- 
ning of a canker and that cankers may live sometimes for two or 
even three years. 

The writer (10) in 1915, reporting on work carried on in Arkansas, 
stated— 

On May 15, a cankered limb from the second orchard was brought into the 
laboratory and kept in a moist chamber for 24 hours. This canker resembled 
in every way the limb cankers as described and figured by Burrill and Blair and 
Von Schrenk and Spaulding. It was a black, sunken oval area with many 
slight rifts or cracks in the bark through which, after the limb had remained 
in a moist chamber for 24 hours, an abundance of the characteristic pink acer- 
vuli appeared. Near the center of this canker was a small dead spur through 
. which infection probably took place. Cankers resembling in every way pub- 
lished descriptions and figures of bitter-rot were also collected on June 3 and 
many times thereafter. 

Previous to his experiences with bitter-rot cankers in Arkansas, 
the writer had attempted at various times to find them in Virginia, 
but without success. Thinking that his familiarity with the appear- 
ance of the cankers in the West might aid him in the search, he again 
attempted to find them in Virginia in 1916 but was unsuccessful. 

It seems therefore rather well demonstrated that whereas bitter- 
rot cankers are of quite common occurrence in the Middle West, 
they are rarely to be found or are wholly wanting in the East. The 
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BiITTER-ROT CANKERS ON APPLE BRANCHES OF VARIOUS AGES. 


Each of these cankers was located above a clump of rotted fruits and was producing spores in 


immense numbers. The varieties are Givens, Jonathan, and Ben Davis. Bentonville, 
Ark., 1915. 


PLATE IV. 
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BitteR-RoT CANKER ARTIFICIALLY PRODUCED ON A YOUNG 


BRANCH OF A BEN DAVIS APPLE TREE. 


SECTION THROUGH A 


The dead bark remains 


SK BY 


The reaction of the host is shown in the formation of a callus layer. 


attached to the dead and shrunken wood. 
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writer is unable to find a record of a bitter-rot canker occurring in 
eastern orchards. 
DESCRIPTION OF CANKERS. 


The cankers caused by Glomerella cingulata (Pl. IIL) are fairly 
characteristic and are not easily confused with any other cankers ex- 
cept those caused by the pear-blight organism (Bacillus amylovorus). 
Especially on varieties which have suffered severely from pear blight, 
bitter-rot cankers and pear-blight cankers are sometimes hard to 
differentiate. The writer does not doubt that in the past bitter-rot 
cankers have many times been mistaken for pear-blight cankers. 

The bitter-rot canker consists of a sunken portion of bark, 
usually somewhat oval in outline, beneath which the wood is dead 
and dry. The dead bark and cambium adhere rather firmly to the 
wood, and in older cankers more or less complete cracks or fissures 
parallel to the edges of the cankers give a zoned effect to the dead 
bark. The depression (Pl. IV), too, in older cankers becomes much 
more pronounced, owing to the fact that because of the death of 
the cambium there has been no increase in the thickness of the branch 
in the infected area. The wood and medullary rays, even in the 
case of young cankers, are colored brown all the way into the pith. 
Often the canker is surrounded by a layer of callus (Pl. IV), which 
successfully prevents further extension of the canker and which 
eventually entirely obliterates the old lesion. 

In many cankers a small dead twig will be found directly in the 
center of the blackened area, doubtless explaining the mode of 
entrance of the fungus. Sometimes this dead twig is the remains 
of a fruit spur, but often it is a water sprout, part of which has 
been broken off. 

Cankers are usually found on branches which are at least 2 years 
of age. The writer has found them on branches which range in 
age from 2 to about 15 years, but has never been able to find them 
on young vigorously growing twigs less than 2 years of age. 

The number of cankers per tree is usually few, even in orchards 
in which the disease has been very serious for a number of years. 
However, in the case of especially susceptible varieties, such as 
Givens, the writer has found trees having more than 30 large bitter- 
rot cankers, besides numerous small ones. 

At first thought it would seem that cankers, being located on 
older branches and hence near the center of the tree, are not advan- 
tageously located for the infection of fruits, but as the apples develop 
and bend the branches downward the position of the cankers is 
often directly above that of large numbers of the apples. Plate IT, 
figure 2, shows young fruits badly infected from cankers thus located. 

51135°—18—Bull. 6842 
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In the literature pertaining to bitter-rot cankers there is very 
little to be found on the subject of their development and length 
of life. Spaulding and Von Schrenk (13) state— 

The majority of the cankers found during the last summer probably were 
started two years ago. During the first year the fungus made very little head- 
way. A very small central area was killed, generally around and including a 
small branch. The following year the large part of the canker was formed. 
Whether the cankers will continue to increase in size is as yet undetermined, 
but it does not seem probable, for if such were the case cankers 3 or more years 
old ought to have been secured in the orchards where the bitter-rot has been 
common for many years. ; 

On many varieties the writer has not been able to find any very 
old cankers, but in the case of very susceptible varieties, such as 
Givens, he has found many cankers which have attained apparent 
ages of 8,10, and more years. One limb, which by count of annual 
rings was 13 years old, bore a canker which showed 11 zones, in- 
dicating that the canker had passed through 11 growing seasons. 
Cankers were found growing on main limbs which were evidently 
much older than this. In order to trace the development. of cankers, 
the writer in 1914 made some preliminary inoculations of apple 
branches with spores from pure cultures of Glomerella cingulata. 
TInoculations were made by introducing newly formed conidia into 
small slits artificially made in the bark. The slits were.at once cov- 
ered with absorbent cotton moistened with distilled water, which was 
allowed to remain for one week. Controls consisted of branches 
similarly treated except that no conidia were placed in the slits. 

In Arkansas on September 14, 1914, thé following inoculations and 
control experiments were made, using as inoculum conidia from 
corn-meal cultures of the fungus isolated from a canker on August 3: 

Three inoculations in slits in 2-year-old branches. 
One control slit in a 2-year-old branch. 
One inoculation in a slit in a 1-year-old branch. 
One control slit in a 1-year-old branch. 

The tree used was a 15-year-old specimen of the Missouri variety. 
The weather had been hot and moist and accordingly was quite 
favorable for the development of the fungus. 

When the absorbent cotton was removed one week later it was 
evident that the inoculations had been successful. About the slits 
into which the conidia had been introduced the bark was blackened 
and sunken in a ring from 1 to 2 mm. in width, whereas only the cut 
surfaces of control slits were blackened. By October 7 the inocu- 
lated slits formed the central portions of rapidly growing cankers. 
At that time the fungus on the 2-year-old branches had developed 
until the blackened, sunken areas had attained lengths varying from 
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2 to 5 cm. and widths varying from 1 to 1.5 cm. The growth from 
the inoculation in the 1-year branch was even greater, the dead area 
being nearly 6 cm. in length. The control slits were beginning to 
heal. 

On account of the writer’s absence from Arkansas, the inoculated 
branches were not again examined until April 1,1915. At that time 
the inoculated slit and control slit on 1-year-old twigs were not to be 
found, the twigs having been removed when the trees were pruned 
in March. The remaining cankers were the same size and apparently 
in the same condition as in the preceding autumn. The blackened 
bark presented the same sunken appearance and was still joined to 
the bark of the adjacent apparently healthy portions of the branch. 

By May 10 there was no change in the general appearance of the 
cankers except that the blackened bark was no longer connected 
with the adjacent uninjured bark. There was a distinct fissure run- 
ning entirely about the cankers, separating the blackened bark from 
the adjacent bark except at the extreme ends of the cankered area. 
This isolation of the dead bark was undoubtedly due to the fact 
that the branch had resumed growth, whereas the fungus had not. 
By May 21 the delimiting fissure was more pronounced, though 
the blackened bark was not wholly isolated. On this date the 
cankered branches were cut off, brought into the laboratory, and 
placed in moist chambers. At the end of 24 hours acervuli of the 
fungus appeared in all three of the cankers. Cultures from the 
conidia showed all the characters of Glomerella cingulata. Three 
of these cankers and one control were photographed and are shown 
in Plate V, figures 1, 2, and 3. 

Another series of inoculations was made in Arkansas on June 18, 
1915. The same technique was employed as in the experiments of 
1914. The spores used in the inoculations were ascospores from cul- 
tures made from a canker on June 4 and conidia from cultures made 
from a canker on May 21. The plan of the experiment was as 
follows: 

Three slits were inoculated with ascospores. 
Three slits were inoculated with conidia. 
Three slits were not inoculated. 

This plan was carried out on three varieties—Ben Davis, Jona- 
than, and Missouri. The moistened cotton covering the slits was 
removed on June 23. Only 2-year-old branches were employed. The 
weather was cool and accordingly not very favorable to the growth 
of the fungus. 

On July 8 all of the control slits were beginning to heal. In the 
ease of the Ben Davis there was a band of dark sunken bark ex- 
tending a distance of 2 mm. about each inoculated shit. About the 
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‘slits on the Missouri branches the dark sunken band was 3 to 4 mm. 
in width. There was no development whatsoever in the case of the 
Jonathan, either at this time or subsequently. On August 30 the 
black sunken bands about the slits on the Ben Davis branches were 
from 2 to 6 mm. in width, while those on the Missouri branches were 
slightly larger. The inoculated branches were not examined again 
until June 18, 1916. The cankers had not changed perceptibly. 
The chief thing to be noted was that there was no isolation of the 
blackened bark on three of the Ben Davis branches and on three of 
the Missouri branches. These branches, though of equal age, were 
not nearly so large as the others, which were rapidly growing water 
sprouts. The cankered areas on the water sprouts were being rapidly 
healed over by the formation of callus, and the blackened bark had 
been partly shed. The cankered branches were removed, brought to 
the laboratory, and placed in moist chamber for 24 hours. Acervuli 
of the fungus were produced in great abundance, and when reiso- 
lated in pure culture the organism was reidentified as Glomerella 
cingulata. 

The question arises as to why quickly developing young cankers 
on vigorous young branches and water sprouts should not live and 
develop through the following season. Apparently this is what hap- 
pens: The host has its period of most rapid growth in the spring. In 
the case of young branches and water sprouts, growth is particu- 
larly rapid at this time. The fungus, on the other hand, does not 
begin active growth until hot weather begins. Vigorously growing 
branches, such as water sprouts and young twigs, are able, therefore, 
through the growth of surrounding tissues to utterly isolate the 
young cankers and begin the formation of callus at their margins 
while the fungus is still dormant. 

To test the effect of cool weather and to see if late infections would 
develop, Ben Davis and York Imperial branches were inoculated at - 
Arlington Farm, Va., on October 5, 1915. The weather, though 
cool, was moist, but no perceptible growth was made about any of 
the 12 inoculated slits, nor was any growth made during 1916. 
On the contrary, the slits had entirely healed over by July 1, 1916. 

Employing the same methods as in 1914 and 1915, the writer made 
several series of inoculations at Arlington Farm, Va., in 1906, using 
cultures of the fungus from a canker collected in Arkansas during 
the preceding autumn. In Table I the terms “ margin intact” and 
“margin cracked ” mean in the former case that the blackened bark 
of the canker is continuous with that of the uninfected portion of 
the branch and in the latter that it has been broken away from the 
bark of the uninfected portion. No separate notes were made con- 
cerning individual inoculations on the same limb, for the reason 
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Pace: 


APPLE BRANCHES SHOWING ARTIFICIALLY PRODUCED BITTER-ROT CANKERS AND 


~ ONE USED AS A CONTROL. 
Tnoculations 


Figs. 1 and 2.—Branches showing bitter-rot cankers artificially produced. 
made through slits September 14, 1914. Removed and photographed May 27, 1915. 
Variety, Missouri. Bentonville, Ark. : 
Fic. 3.—A branch showing a control slit in the series of inoculations made September 14, 
Removed and photographed May 27,1915. Variety, Missouri. Bentonville, Ark. 


1914. 
For inoculated slits, see figures 1 and 2. 
Fies. 4 and 5.—Branches showing bitter-rot cankers artificially produced. Inoculated 
Figure 4, 


through slits July 13, 1916. Removed and photographed January 9, 1917. 
variety, Winesap; figure 5, variety, Jonathan. Note the large size of the cankers shown in 


figure 5. 


SOURCES OF APPLE BITTER-ROT INFECTIONS. 


13 


that the resulting cankers usually showed no differences in their 


development. 


Types of the cankers produced cn the Winesap and Jonathan 
varieties are shown in Plate V, figures 4 and 5. 


TasLE I.—Results of inoculations of apple branches with bitter-rot fungus 
cultures at Arlington Farm, Va., in 1916. 


Width of blackened 


Num- band Condition. 
Apple variety and date of | Age of pero 
inoculation. branch. | 0CU | 
deived! On On ( 
slits. uae. 2.) Aerie 38) On Aug, 29, On Noy, 29. 
+ be Se - b- “9. 
Ben Davis: Years Mm. Mm. 
AEROS) CAMS se eee Serene 4 3 3 3 | Margins intact. -.| Margins intact. 
ID) aaa AR ee Sas Ae 4 3 Do. 
ID Ostet ss GSEs 1 3 Margins cracked. 
Tiliypl sees secs oso 4 2 .| Margins intact. 
DOR as SS te 2 2 Do. 
IDO) Seca GUaeer eae 3 2 Do. 
York Imperial: 
UIMONZ8S = 4se Fe etal: 1 4 -| Margins cracked; 
callus formed. 
1D OS Sees cen 1 4 0. 
Lied yUS ih Ree Bees 4 2 Healed. 
ID Oscaeeansreseaeeee 2 2 Do. 
1D) Sea ye nee 4 | 2 Do. 
Missouri: 
UDI 7is)5 (Soe Obata Saeee 1 4 -| Margins nearly in- 
| tact. 
DOME Ae ee - ste 1 4 0 On| aEfealine =e a ae= Healed. 
1D) OF 2 = See Rye bese 3 4 ONtOpt Sse) asiee Gloves ssnessten Healing. 
Athy WB aS eee aes see 1 2 4 4} Margins intact ---.| Margins nearly in- 
tact. 
ID O52 Lat Roan ee 4 2 BPuOpor ba Sabon! Ob her ce sae ene See Margins intact. 
Osea ee lasses 4 2 15 TSN Ries ane eA A es mane Do. 
Jonathan: 
MUNO}Z8 249 -c- ee ts 1 4 0 Q)MEleallintc sass Healed. 
DORE Geer ce cee ese 1 4 0 Opes COM LR neu Do. 
IDO) Sees ae ae gS Me 5 4; 2to15]| 2 to 15 | Marginsintact-.--.| Margins intact. 
ATi Ky Ei 4 pee Re mesons 4 2 30 30) Ree Gots: Sees as Margins nearly in- 
tact. 
1D) 55 ea ERE aaa 3 2 | 40 to 45 | 40 to 45 |_...- Olea ery Do 
Dorset sate Se 3 2 | 15 to 20} 15 to 20 }...-- GORE EEA! Jeep Do. 
Grimes: 
MUMO LIS hee ee Lg ae 1 5 il 1 | Margins cracked-..| Healed. 
DOSS Sass etsebe ashe 2 5 0 tol ORO Is Hee = (6 oi Meese tia Do. 
Mit yal 3 =e ects =< Lise 4 2 15 55 esoed On 4: <b eee Margins cracked. 
ID) 4 See ee a ees 4 P3\) 74 ia) Uy 74 io) IY oso Gomere 3 sees: Do. 
DOME cee ee ase 3 2 10 On| Sees Oes See sete Do. 
‘Winesap: 
MING IZ8 s4-- 8 ees iss aeee 4 5} 2to15 | 2 to 15 |....- do... 3 Do. 
Oe etece tee ece 3 DE tae gO) Nesey oa Ole ley es 6 a eterno Healed. 
Ulva SOE ese 4 2} 5 to 10) 5 to 10 |-.--: Cha eeeae hae Margins cracked. 
IDO)! dnee een acne 4 2 4 to 5 4to5|....- GOs Hee eee Do. 
DOE see Ee 4 2 30 30) | 2eeee Gogo eae: Margins somewhat 
cracked, 
Yellow Newtown: 
UME) 2S ses see een one rs 1 4 2 Oye ealinic mya ss mee Healed. 
BE pS ttt Ade ae 1 4 1 TS | Seee COR o514ur ee Do. 
VULVAR SAS oseecessemeans 3 Oy Wee 2 2 | Margins cracked .| Margins cracked; 
healing. 
1D eS SERS oecaE eeee nee 2 2 2 Deller apes COME ae te Do. 
1D) 0) 5.50 oe oso Ss Bee 3 2h 3 op hanes doe eT es: Do. 


The following general notes on all the inoculations were made on 
November 20, 1916, and on January 9, 1917: 


Ben Davis.—Except in the case of the 1-year-old branches, the margins of 


eankers are intact. 


York Imperial—Margins of cankered areas are separated from the bark of 
living portion of branch, and callus is forming. 
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Missourit.—Margins of cankers are intact except in the cases of very young 
branches (water sprouts). : 

Jonathan.—Cankers are very large on older branches, with small amount of 
eracking at margin. 

Grimes.—Cankers have margins cracked; probably will survive. 

Winesap.—Margins of cankers are somewhat cracked and much roughened; 
probably will not survive. 

Yellow Newtown.—Margins of cankered areas are separated from bark of 
living portion of branch, and eallus is forming. 


On June 26, 1917, the following notes were taken: 


Ben Davis.—Cankered areas irregularly cracked at margins in case of 
younger limbs. Layers of callus are forming. Those on older wood have mar- 
gins intact. Acervuli are abundant. 

York Imperial.Slits have healed over. They are similar to the control slits. 

Missowri.mMargins are irregularly cracked at the sides but not at the ends 
of the cankers. The cracks are not quite so large as in case of the Jonathan 
variety. 

Jonathan.—Margins are cracked at the sides and separated from the living 
bark, from which callus is forming. There is no such separation, however, at 
the ends of the cankered areas. 

Grimes.—Margins are cracked and a callus layer is forming. Acervuli are 
abundant. 

Winesap.—The same as Grimes. 

Yellow Newtown.—Lips of callus nearly meet. The dead bark is nearly all 
shed. The remnants of the old dead bark, however, produced acervuli and 
spores after 48 hours in moist chamber. The acervuli were very small and the 
spores few. 

By September 19, 1917, the slits on the York Imperial and Yellow 
Newtown were healed over and the dead cankered bark completely 
eliminated. The cankers on the Ben Davis were persisting without 
any apparent change. In the case of the Missouri and the Jonathan 
varieties there was little or no new growth. Layers of callus were 
forming, but the old cankers with their dead bark still persisted. 
The former large lesions on the Grimes were nearly healed over, 
with elimination of most of the old dead bark. The lips of the layers 
of callus were nearly meeting. The Winesap eankers were similar 
to those of the Grimes except that the healing process had not been 
quite so rapid and hence more dead bark remained. In the case of 
all varieties except the York Imperial and Yellow Newtown, the fruit 
below the cankered limbs was infected with bitter-rot. The infected 
areas extended to the lowest limbs and were about 6 feet across. The 
infection was not carried to the fruit of adjacent trees, only the 
fruit of trees in which cankers had been artificially produced being 
affected. This shows how restricted is the dissemination of the dis- 
ease and why it may become localized in certain trees. 

As a result of these experiments it appears that the Ben Davis, 
Missouri, and Jonathan varieties are quite susceptible to the canker 
disease. The Grimes is apparently not quite so susceptible, but is 
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‘more so than the Winesap. The York Imperial and Yellow Newtown 

are very nearly immune. While on the two last-named varieties the 
fungus may begin the development of a canker, the reaction of the 
host is such that the growth of the fungus is soon checked and the 
incipient canker itself is later obliterated by the formation of callus. 
As these two varieties are the ones chiefly found in Virginia orchards 
and as their fruits, especially those of the Yellow Newtown, are sus- 
ceptible, the writer believes that these inoculation experiments ex- 
plain why bitter-rot cankers have not been found in that State. 

It is also worthy of note that in these experiments the inoculations 
were eventually more successful on older branches than on 1-year-old 
twigs and water sprouts, though the growth was usually slower on 
the older branches. This is in accord with the writer’s observations 
on naturally formed bitter-rot cankers. 

The inoculations made in July were more uniformly successful 
than those made in June, doubtless owing to the fact that in July 
the temperature was much higher and the growth of the host more 
restricted. 

These experiments and the writer’s observations indicate that 
cankers in which the growth of the fungus is comparatively slow 
are apt to be much longer lived than those in which the fungus-de- 
velops rapidly. This is particularly true in the case of the Givens, 
a variety which harbors more cankers than any with which the writer 
has come in contact. Cankers on Givens branches grow very slowly, 
but are exceedingly persistent. 

Young vigorous-growing twigs are able, after the hot season which 
favors the bitter-rot fungus is over, to continue growth and by the 
formation of a callus layer to utterly isolate the mycelium of the fun- 
gus in the tissues which it has killed. This explains why the writer 
has not been able to find bitter-rot cankers on young branches. 

Tt seems probable that another reason why cankers on branches of 
the Givens variety are so persistent is that this variety begins growth 
in the spring nearly two weeks later than most varieties. It is in 
the spring that the most vigorous growth of the apple occurs, and 
hence it is at this time of year than the branch is in the best condi- 
tion to isolate the cankered areas and develop callus. The fungus, 
on the contrary, is not able to start growth until the weather be- 
comes hot. This conclusion is drawn from the inoculation experi- 
ments of 1914 and 1915. 

On January 9, 1917, three cankered branches of each variety in- 
oculated in the 1916 experiments were cut off, brought into the 
laboratory, and placed in moist chambers for 48 hours. Masses of 
spores were produced from all cankers except those from the York 
Imperial and Yellow Newton trees. Cankers on the branches of 
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these two varieties were nearly healed over, and in the dead bark 
remaining the fungus was no longer alive. 

Although these experiments seemed to show rather conclusively 
that the branches of the Yellow Newtown, the chief commercial apple 
whose fruit is susceptible to bitter-rot in Virginia, are resistant to 
the disease, it was also thought possible that the fungus found in 
Virginia might not be capable of causing cankers. This, however, 
proved not to be the case, as is shown by the series of inoculations 
listed in Table II. In fact, in these experiments the fungus isolated 
from Virginia fruits attacked the branches more vigorously than 
that isolated from bitter-rot cankers from Arkansas. The results of 
these inoculations did not differ materially from those of the pre- 
vious experiments. 

TaBLE I11.—Comparison of results of inoculations of apple branches with bitter- 


rot fungus cultures from fruits grown in Virginia and in Arkansas, at Ar- 
lington Farm, Va., on August 21, 1916. 


Width of blackened 
Number band. 
Source of culture used. Apple variety. esas Ce 


_ Slits. | on Aug. 29.| On Sept. 15. 


Years. Mm. Mm. 

Virginiafruit..-..........-.- Bens Davisieayecs eases 2 6 1 6 to 20 
Arkansas eankersaaceek a4 ese GOs ar se 3 6 1 1to2 
SCO Eee oe e ae ase ne CORO ee RE UN ies sce ARR Ts 2 6 0 0 
Vireinia AUB oso sadauesdesor IMBISSOUII Eee atest ey eta 2 4 2to3 8 to 10 
GRRE SEEN a aRerooeas Gaaee COLE Ph a8 See 4 4 4to 10 
Arkansas canker. -...2-:.----\2---- GO ese eee ae See ee 2 4 0 to 2 0to5 
Virginia fruit .........-..---.- Yellow Newtown...--..---- 1 4 4 


The importance of cankers as sources of infection is also greatly in- 
creased by the enormous number of spores which a single canker is 
capable of producing in a season. The writer estimated that the 
number of conidia in one canker 7 cm. long by 2 cm. wide, not a large 
specimen by any means, was not less than nine millions. When one 
considers that during macist hot weather the production of spores may 
be almost continuous, he realizes that the number produced from a 
single canker during one season must be enormous. 


SUMMARY OF KNOWLEDGE REGARDING BITTER-ROT CANKERS. 


Knowledge of the bitter-rot cankers may be summarized as’ 
follows: 


(1) Discovered by Simpson in 1902 and shown by Spaulding and Von Schrenk, 
in 1906, to be due to Glomerella cingulata. 

(2) May occur perennially on older branches of susceptible varieties and 
may survive many years. 

(3) Infections on younger branches develop rapidly but do not survive. 

(4) Slow-growing cankers are more apt to survive. 

(5) Varieties differ in susceptibility to the canker disease; the Yellow New- 
town and York Imperial are nearly immune. 
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Since bitter-rot mummies and bitter-rot cankers are the chief 
_ starting points of the disease for the current season, a comparison 
between them as sources of infection is of interest. (Table III.) 


TABLE IlI.—Comparison of cankers and mummies as sources of infection. 


Cankers. Mummies. 


Relatively few except on very susceptible varieties. .| May be few or many. 


Spores produced in great quantity................--- Spores relatively few, owing to mummies being a 
poor culture medium. 

A more or less perennial source...........-..-------- An-annual source. 

Directly injurious to the tree. -.----2-5.-5.2224-222-2- Not injurious to the tree directly. 


Fungus comparatively well protected from compe- | Fungus not well protected. 
tition with other organisms. 


Relatively hard to find and remove..........-.---.-- Rather easily found and removed. 


Located on older twigs or branches (not so advan- | Located among next year’s fruits (advantageous). 
tageous). 


CANKERS OTHER THAN THOSE OF BITTER-ROT. 


In 1915 the writer (10) as the result of some work carried on in 
Arkansas in 1914, showed that the bitter-rot fungus may survive the 
winter in almost any cankered or dead part of an apple tree, includ- 
ing Illinois apple-tree cankers due to Vummularia discreta, dead tips 
of fruit spurs, dead parts of limbs injured by freezing or death of 
roots, branches injured by mechanical means, cankers caused by the 
pear-blight organism (Bacillus amylovorus), and twig cankers 
caused by the apple-blotch fungus (PAyllosticta solitaria). 

In the case of those Arkansas and southern Missouri orchards in 
which the disease has been especially destructive over a period of 
years, it is comparatively easy to isolate the fungus from almost any 
dead portion of the trees. Such orchards which may have in addi- 
tion bitter-rot cankers and bitter-rot mummies show how extremely 
destructive the disease can be and how very important are the agen- 
cies which carry it over from season to season. The fruit of orchards 
in which so many sources of infection survive the winter may be 
utterly ruined at the very first outbreak of the disease. These cases 
are, of course, exceptional ones; yet the writer has seen orchards 
the crops of which were totally ruined within a week, each apple 
averaging approximately 500 infections. In such cases, in which 
infection from wintering-over sources is so heavy, control by spray- 
ing alone is impossible. 

Cankers due to various causes are important sources of infection 
in the Middle West, but they appear to play very little part in the 
unfection of fruit in eastern orchards. The writer has found com- 
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paratively few cankers of any sort in eastern orchards susceptible to 
bitter-rot, and from those which he has found he has never been 
able to isolate the bitter-rot fungus. Pear-blight cankers from Yel- 
low Newtown trees whose fruit had been badly damaged by the dis- 
ease failed to produce fruiting bodies of Glomerella cingulata. 

Blighted limbs of the Ben Davis, York Imperial, Missouri, Jona- 
than, “Gheiinas Winesap, and Yellow Newtown at Arlington Farm, 
Va., were sprayed on July 18, 1916, with a suspension of conidia in 
distilled water. Three branches of each variety were thus sprayed. 
On August 8 the branches were removed and placed in moist cham- 
bers. On August 10 sparsely fruiting acervuli were found on one 
branch each of Grimes, Jonathan, and Missouri; no signs of the 
fungus could be found on the remaining 18 branches. 


LEAVES. 


While leaves are of little importance as sources of infection and 
the writer has never found the fungus fruiting on them naturally, 
they are able to act at times as harboring places for the fungus. 

Leaves of the Yellow Newtown from Virginia, even when in ap- 
parent health, will often develop acervuli of the fungus if kept in a 
moist oharhber for a period of 12 to 36 hours, the leaves themselves 
becoming dark brown. In Arkansas, Lowarar the writer was never 
able to find the fungus in the leaves of any of te varieties examined, 
namely, the Givens, Ben Davis, and Missouri. 

Shear and Wood (15) in 1913 found that leaves of various hosts 
treated as above developed the fruiting bodies of the fungus. They 
state— 

From these and numerous other experiments of a similar kind performed at 
different times during the year with leaves from other plants, it appears that 
this fungus is quite generally present in the leaves of many plants in a dor- 
mant or innocuous condition awaiting some weakening of the host or other 
favorable condition which may give it an opportunity to develop. 

The writer has many times during the spring and early summer 
examined the fallen leaves of the pr necking @ year in an effort to find the 
fungus either fruiting on their surfaces or living within their tis- 
sues. Such efforts, however, have been uniformly unsuccessful. It 
is possible that the fungus, not being able to gain much headway 
in the living leaf on account of the vitality of the leaf itself, is kept 
from further development after the death of the leaf by the coolness 
of the weather prevalent at that time. Bacteria and molds not so 
sensitive to the cold may enter, however, and deprive the bitter-rot 
fungus of the food necessary for its existence and further develop- 
ment during the following season, even should it survive the winter 
in a dormant stage. 
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OTHER HOST PLANTS. 


Shear and Wood (15) in 1913, after careful cultural and morpho- 
logical studies in addition to cross-inoculation work with cultures 
from various hosts, gave the following list of 34 plants liable to 
attack by Glomerella cingulata (Stoneman) S. and V. S. 


Brya ebenus (1..) DC. 
ebony. ) 
Caryota rumphiana Mart. (Palm.) 


(Jamaica 


Cinnamomum zeylanicum Nees. (Cin- 
namon. ) 

Citrus aurantium sinensis L. (Sweet 
orange. ) 

Citrus decumana (l.) Murr. (Pom- 
elo. ) 

Citrus limonum Risso. (Lemon.) 

Citrus nobilis Lour. (Mandarin.) 


Coffea arabica L. (Coffee.) 

Costus speciosus (Ikoenig) Smith. (Spi- 
ral flag.) 

Curculigo sp. 


Maranta arundinacea VW. (2?) 
rowroot. ) 

Oxycoccus macrocarpus (Ait.) Pers. 
(Cranberry. ) 


(Ar- 


Persea gratissima Gaertn. f. (Avo- 
cado.) 

Phormium tenaxz Forst. 

Pimenta acris (Swartz) Jostel. 

Piper macrophylum Swartz. (Pep- 
perwort. ) 

Pitcairnia corallina Linden. 

Psidium guajava lL. (Guava.) 

Ribes oxyacanthoides UL. (Goose- 
berry.) 

Rubus occidentalis L. (Black rasp- 
berry.) 


Eriobotrya japonica (Thunb.) Lindl. 
(Loquat. ) 

Ficus carica L. (Fig.) 

Ficus elastica Roxb.. (Rubber plant.) 

Ficus longifolia Schott. 

Ginkgo biloba lL. 


Thea japonica (l.) Baill. 

Thea sinensis L. (Tea.) 

Theobroma cacao lL. (Chocolate nut.) 

Vitis labrusca L. (Coneord grape.) 

Annona cherimola Miller. (Cheri- 
moya. ) 


(Camellia. ) 


Gleditsia triacanthos LL. (Honey lo- Crataegus sp. (Hawthorn.) 

cust. ) Sy Rubus trivialis (ecult.). (White dew- 
Hedyscepe sp.=Kenita. (Palm.) berry.) 
Ligustrum vulgare L. (Privet.) Smilax medica Schl. and Cham. 
Malus sylvestris Mill. (Apple.) Vanilla planifolia Andrews. (Va- 


Mangifera sp. (Mango.) nilla.) 


Taubenhaus (17) in 1914 expressed the belief that Glocosporium 
officinale EK. and E., which he found caused a disease of the spicebush 
(Benzoin aestivale (.) Nees) and of sassafras (Sassafras varii- 
jolium (Salisb.) Ktze.) in Delaware, is identical with the fungus 
which causes apple bitter-rot. He based his belief upon the fact that 
apples inoculated with the organism from the spicebush and sassafras 
developed the characteristic bitter-rot. He recommends the exter- 

mination of both the spicebush and the sassafras, so as to prevent 
them from harboring the bitter-rot fungus and carrying it to the 
apple. 

The writer was never able to find the bitter-rot fungus on sassafras 
in Arkansas, though sassafras is very abundant in that section of the 
country. It is rather common, in fact, to find orchards surrounded 
by hedges of sassafras which have escaped destruction because of 
their nearness to the wire fences inclosing the orchards. 

None of these plants as sources of infection compare in importance 
with mummied apples, apple cankers, or diseased apples. On none 
of these hosts, such as sassafras, raspberry, or hawthorn, which are 
commonly found in close proximity to orchards, does the disease be- 
come very destructive or epiphytotic, as it does upon the apple. Fur- 
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thermore, since the agency of birds or insects would be required for 
the infection of apples from such sources, only a few isolated fruits 
would probably be infected. Thus, while plants other than the apple 
would not be very important sources of infection in so far as the cur- 
rent year’s fruit is concerned, provided the grower exercises ordinary 
watchfulness, they are of importance in that they may be a means 
of introducing the disease into an orchard which previously had been 
free from it and in which it may increase and eventually become very 
destructive. 

In addition to those mentioned above, the fungus also occurs on 
the pear, apricot, tomato, sweet pea, and other plants, according to 
Halstead (8), Chester (5), and Sheldon (16). 


INFECTED FRUITS OF THE CURRENT YEAR. 


From the primary sources of infection previously discussed, espe- 
cially mummies and cankers, the fruits of the current year become in- 
fected. These in turn become of the greatest importance as secondary 
sources of infection just as soon as acervuli begin to be produced in 
the diseased spots. 

While the sources of infection, mummies, cankers, ete., which 
carry the disease over from season to season are of prime importance 
in that they initiate the disease, nevertheless, except in occasional 
orchards in which they are so prevalent as to be able to infect nearly 
every apple at the outset, the infected fruits of the current season 
are most important in the subsequent spread of the disease. 

When the infected spot becomes a few millimeters in diameter, 
acervuli begin to form, and in a few days, if weather conditions are 
favorable, spores by the thousand may be washed down upon the 
sound fruits below. Thus a few infected apples may soon infect the 
entire crop of a tree. 

When one considers that each infected apple becomes after a few 
days a new source of infection, and that the fungus grows and fruits 
very rapidly, he will have little difficulty in understanding why the 
disease can destroy an apple crop so quickly and will comprehend 
why it is so important that the application of spray for the control 
of the disease should be made before the first appearance of the dis- 
ease. After the disease has become well established, attempts to 
control it by spraying not supplemented by the removal of infected 
fruits are usually ineffective if subsequent weather conditions are 
at all favorable to the development of the bitter-rot. 

Often only a very few trees in an orchard will possess cankers and 
mummies in which the fungus has survived the winter. The fruit. 
of these trees, then, is the first to become infected. From these 
infected apples the disease may be transmitted to the fruit of sur- 
rounding trees. 
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The transmission of the disease from susceptible varieties to rather 
resistant varieties may also occur through the medium of spores 
from infected fruits. Such destruction of the fruit of varieties nor- 
mally resistant often occurs during years in which the weather 
conditions particularly favor the disease, especially if the trees are 
located in close proximity to susceptible varieties. 


RELATION TO CONTROL MEASURES. 


Under ordinary circumstances and in the average orchard, even in 
sections in which bitter-rot is an especially serious disease, control 
may be attained by means of spraying alone; but there are some 
orchards in which the wintering-over or primary sources of infec- 
tion are so abundant that frequent sprayings, even if most carefully 
and thoroughly done, will not give adequate control. 

The writer (10) in 1914 carried on control experiments in two 
orchards of this type in Arkansas and published his results in 1915. 
Both of these orchards had sustained in previous years heavy losses— 
from 20 to 50 per cent of the crop—in spite of frequent and thor- 
ough sprayings with Bordeaux mixture. The removal of mummies, 
cankers, and deadwood, supplemented by spraying, proved to be an 
efficient control] measure and was so reported. 

One of the orchards selected for the 1914 work was again used 
for the experiments of 1915. This orchard, consisting of about 400 
trees, was given its regular annual pruning in March, and the 
pruners were instructed to pay special attention to the cutting out 
of all cankers and deadwood. 

After the pruning was completed the orchard was again carefully 
examined and all cankers and deadwood which could be found 
removed. The pruners had done their work so well that few cankers 
and little deadwood could be found, though, of course, it was realized 
that to remove every canker and bit of deadwood was impossible. 

The trees were sprayed with Bordeaux mixture on June 15. The 
disease became evident about July 15, and on July 19 small clumps. 
of rotted fruits could be seen on many of the trees. On the last- 
named date the writer, with three helpers, picked off all the rotted 
fruits that could be found, in order to prevent their serving as 
sources of infection for the sound fruit remaining. The clumps of 
rotted fruits also served as indicators as to the location of the orig- 
inal sources of infection, which, when found, were removed. In this 
way many cankers of various sizes which had been missed at prun- 
ing time were removed. In fact, it may be said that this consti- 
tuted practically a final clearing out of the sources of infection 
which had lived over from the previous season. In the case of three 
trees the percentage of infected fruit was so large that the entire 
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crop was shaken off. One tree, which appeared to be hopeless on 
account of the number of cankers and was otherwise of small value, 
was left untouched and recommended for removal. 

As soon as a few of the trees were free from rotted fruit the spray 
outfit was started, so that each tree was sprayed almost as soon as 
the diseased fruits, mummies, and cankers were removed. This 
treatment so effectually checked the spread of the disease that com- 
paratively few new infections occurred, although the season was an 
exceedingly favorable one for the development of the rot, the loss 
on many near-by orchards being 25 per cent and upward. The trees 
were again sprayed with Bordeaux mixture on August 7. 

The varieties used in this experiment were the Jonathan, Ben 
Davis, and Givens, all of which, and more especially the last named, 
are quite susceptible to the disease. Yet at picking time the loss in 
the case of the Jonathans was only 4 per cent of the crop, while that 
of the other two varieties was but 1 per cent. In orchards in which 
during previous years the disease had caused about equally as severe 
losses as in this one, the losses during 1915 were at least 50 per cent, 
even in the case of those which had been sprayed. In many un- 
sprayed orchards the crop was a total loss. In the spring of 1916 
the same orchard was again examined for cankers and mummies and, 
as in the year previous, the first infected fruits and the sources of 
these infections were removed. The task was quite an easy one in 
1916, as the work of the two preceding years had nearly eliminated 
the disease. Only two applications of Bordeaux mixture were made, 
one early in July and a second about August 1. Throughout the 
season the apples remained almost entirely free from rot, and ex- 
amination of both dropped and picked fruit in the autumn revealed 
so few specimens of infected apples that the damage was considered ; 
negligible and impossible to compute on a percentage basis. 

In 1917 the orchard had received two sprayings for the preven- 
tion of bitter-rot when visited by the writer on J fin 23. There was 
practically no rot except on the one tree from which little effort had 
been made to remove the cankers in previous years. This tree had 
been infested with so many cankers that it had been marked for 
removal, as already mentioned, but had finally been spared. The 
disease had gained considerable headway on this tree and every fruit 
appeared to be doomed. 


GENERAL SUMMARY. 


(1) Apple bitter-rot, caused by the fungus Glomerella cingulata, 
occurs in nearly all sections of the world where apples are grown, but 
reaches its high point of destructiveness in the more southern apple- 
growing sections of the United States. 
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(2) The causal organism survives the winter in certain parts of 
the host, which serve as sources of the infections occurring on the 
crop of the following year. It may survive in— 


(@) Mummies, 

Clinton, Hasselbring, Burrill and Blair, Alwood, Von Schrenk and 
Spaulding, Scott, and the writer showed mummies to be important 
sources of infection. 

Apparently the fungus lives over in a mummy for only one year. 

Both those mummies on the tree and those on the ground are important. 

(6) Bitter-rot cankers. 

The cankers were discovered by Simpson in 1902. 

Von Schrenk and Spaulding proved them to be caused by the bitter-rot 
organism. 

Cankers on young vigorous-growing branches do not survive till the 
next season. Those on older twigs, especially of very susceptible 
varieties, may survive for years. Different varieties show different 
degrees of susceptibility to the cankers. Cettain ones, such as the 
Yellow Newtown and York Imperial, are nearly immune, though 
their fruit, especially that of the Yellow Newtown, is susceptible to 
the disease. 

(¢) Cankers other than those of bitter-rot. 

Especially in western orchards, in which the disease has been particu- 
larly severe, Glomerella cingulata may be found in cankers and dead- 
wood due to various causes. 

(d) Leaves. 

As first shown by Shear, the fruits of the causal organism may some- 
times be found on leaves of the current year when removed and 
subjected to moist, hot conditions. The writer, however, has never 
been able to isolate the fungus from leaves of the previous season. 

(e) Other host plants. 
The fungus is able to infect many plants other than the apple. 
(f) Infected fruits of the current year. 

By conidia produced in these secondary sources of infection the dis- 
ease is carried to sound fruits. This is the principal means by which 
the disease is spread after the initial infection. 


(3) Spore dissemination is comparatively restricted and is carried 
on through the agency of rain, dew, insects, and possibly birds. 
Wind is a negligible factor. 

(4) Varieties differ greatly as to susceptibility to the disease. 
Hot, moist weather favors infection. 

(5) The removal of mummies and cankers is a practicable and 
efficient control measure when supplemented by spraying. This 
treatment gave control in orchards in which in previous years spray- 
ing alone had been uniformly unsuccessful. 
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Ee honeybee is the primary conservationist. Supple- 
menting its extremely important service of promoting the 
pollination of important food and feed crops, it elaborates 
from the nectar of the plants thus benefited one of the most 
delicious, nutritious and readily digestible of all foods. The 
fact that the most important work of the honey bee is not 
the production of honey, but the carrying of pollen from 
flower to flower, thus assisting in the fertilization of plants 
and assuring their fruitfulness, is not always appreciated. 
Growers of early cucumbers under glass find it necessary to 
install hives of bees in their hothouses to insure their crop. 
A rainy, cold spell during fruit bloom, keeping bees from 
flying, results in little fruit that season. Many people are 
not aware that they are thus dependent largely upon these 
busy and sometimes intrusive insects for the fruitfulness 
of their orchards and gardens. The work of the bees is 
important not only to the produchpy of tree fruits, bus. to 
36993°—18—Bull. 685——1 7 


2 BULLETIN 685, U. S. DEPARTMENT OF AGRICULTURE. 


full seed or fruit production of a number of forages and grains, 
berries, and vining plants such as the squash and its rela- 
tives, not to mention many ornamental plants and trees. 
Many other varieties of bees than the honey producing kind 
and a multitude of other insects assist in the work of trans- 
ferring pollen from plant to plant, but the honeybee is 
probably the most important single agent, certainly so in 
the case of fruit trees. 


MAP INDICATING DISTRIBUTION OF BEES. 


The map printed herewith, showing the distribution 
of bees in the United States according to the 1910 
census, indicates within reasonable limits where bees are 
“most numerous, but some features require a brief explana- 
tion. The map shows only bees owned and reported by 
farmers, omitting the great number of colonies kept in towns 
or in outapiaries by professional beekeepers, thus making a 
relatively heavy showing in the more purely rural portions 
of the country. : 

The large number of bees indicated in the Southeastern 
States and particularly in the Appalachian section, while 
reflecting an undoubted fact, carries an impression stronger 
than the facts warrant, partially because the territory is 
predominantly rural, but more because in that region the 
colonies are, to a greater extent than elsewhere, kept in small 
boxes, kegs, and similar receptacles which limit the size of 
the colony and cause heavy swarming. This latter fact 
tended to further exaggeration because at the time the census 
was taken swarming was well advanced in the South though 
hardly begun in the North. 

The great importance of beekeeping in the sage and orange 
sections of southwestern California, the alfalfa and sweet- 
clover sections of other Western States, the clover belt of 
the North Central and Northeastern States, in the cotton, 
horse-mint, and desert plant sections of Texas and in the 
belt of tupelo and mixed bloom of the coastal plains adjoin- 
ing the south Atlantic and Gulf coast, are all readily ob- 
servable. 

The great development in certain regions subsequent to 
the census, as in the Imperial Valley of California (the 
southeastern section of the State), in southern Idaho (Twin 
Falls region), and elsewhere, is, of course, not indicated. 
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EXTENT OF INDUSTRY. 


The importance of the honey industry in the United States 
is realized by few, even of those who have given some atten- 
tion to the subject, owing to the fact that the census figures, 
which are naturally looked to for information, report only 
concerning the bees belonging to farmers, whereas a large 
and increasing proportion of the honeybees of the country, 
producing a still larger proportion of the honey crop, belong 
to beekeepers other than farmers and are located in villages 
and towns, or, by permission of the farmer or landowner, 
are kept in out-of-the-way places on farms or hidden in the 
recesses of the hills, away from frequented roads where they 
would be readily observed. Surveys of the beekeeping in- 
dustry in Massachusetts and Indiana indicate that the census 
included hardly more than half the actual number of colonies 
of bees in those States and checks on honey production show 
similar deficiencies in other States. 

-The census reports indicate for 1910 a total of 3,445,006 
colonies, which, if accepted as representing the number on 
farms, though it is certain that not all such were recorded, 
may be taken to indicate in the hands of farmers and all 
others certainly not less than 5,000,000 colonies, more prob- 
ably 6,000,000, and possibly more. Leading commercial 
honey authorities estimate the number to be much higher. 

The production of honey in 1909, according to the same 
authority, was approximately 55,000,000 pounds. That this 
is far below the facts is certain. The average yields indi- 
cated by the census reports are about 16 pounds in 1909 
and about 15 pounds in 1900, whereas the average yields as 
reported to the Bureau of Crop Estimates by honey pro- 
ducers are about 40 pounds per colony. Only a little over 
half the farms reporting bees gave any figures on honey 
production to the census enumerators. The proportion that 
actually produced no honey is unknown, but the actual 
yields per colony on farms must have been considerably 
higher than those indicated by these imperfect returns to 
the census enumerators. The honey producers’ reports are 
more nearly representative of the commercial producer, 
who often, and probably as a rule, is not a farmer, and it 
may be safely assumed that the average production per 
colony of bees not belonging to farmers is considerably 
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higher than of those belonging to farmers. If the most 
probable figure mentioned, 6,000,000 colonies, be accepted as 
representing all colonies of bees in the United States and the | 
average yield be considered as 25 pounds, which appears 
conservative, this would account for a total production of 
150,000,000 pounds of honey. 

An inquiry of leading manufacturers of beekeepers’ sup- 
plies concerning sales of 1-pound sections, with a conserva- 
tive allowance for those produced by small firms and indi- 
viduals, indicates for the season of 1917 a total of about 
55,000,000 such sections, and for 1916 and 1915 about 
53,000,000 and 45,000,000 sections, respectively. If we 
accept the common assumption of 1 pound per section, and. 
allow 5 per cent for wastage of empty sections, this would 
indicate a production of about 52,000,000 pounds of comb 
honey in 1917. Reports to the Bureau of Crop Estimates 
from a list of over 5,000 honey producers indicate that the 
proportion of comb honey in 1-pound sections to all honey 
obtained from the bees is about 38 per cent. While this 
figure reflects the facts for the men reporting to the bureau, 
it is known to be too high if applied to all honey produced, 
especially in many Southeastern States, where a true return 
for all beekeepers would show much higher figures for 
‘““chunk’”’ honey and lower for comb as well as extracted. 
A figure for the United States of 33 per cent of comb would 
be nearer the truth. If this figure be applied to the indi- 
cated production of comb honey, it would point to a total 
production of about 158,000,000 pounds. Commercial 
honey handlers consider that the proportion of comb honey 
is much lower, which, if true, would mean a corresponding 
increase in the indicated total production. The leading 
commercial authorities in the United States on honeybees 
and honey production estimate that the total production is 
considerably in excess of 200,000,000 pounds. 


DEPENDABILITY OF TABLES. 


In presenting the material appearing in the following 
tables it should be stated that so much of these data as are 
drawn from the reports to the Bureau of Crop Estimates by 
its list of honey producers are of varying degrees of de- 
pendability, according to whether the cooperation in the 
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different States has been full or incomplete. For most of 
the States data are fairly complete, and for the important 
producing States of California, Texas, Colorado, all of the 
North Central group except North Dakota and most of the 
Central Atlantic and North Atlantic groups they are good, 
particularly for the years 1916 and 1917. From the States 
of New Hampshire, Rhode Island, Delaware, North Carolina, 
South Carolina, Georgia, Alabama, Mississippi, Louisiana, 
Kentucky, North Dakota, Wyoming, New Mexico, Arizona, 
Utah, Nevada, Washington, and Oregon responses have been 
relatively few and the figures given are therefore to be 
accepted with, reserve. 


TaBLE I.—Honeybees in the United States. 


Number of colonies 
of bees on farms 


Spring count of colonies, year stated, in per 
(United States. é 


cent of previous year. (Report May 1.) 


census). 
- 1914 
com- 
mae pared 1914 | 1915 | 1916 | 1917 | 1918 
Tyas | Apsia® | tes | pared | pared | pared | pared | pared 
" fnumber) Tyr, | Toi | tous, | 1916. | 1917. 
in pre- s 5 ; . 
vious 
years. 
Per Per Per Per Per Per 
Number. | Number. |. cent. | cent. | cent. | cent. | cent. | cent. 
Maimeri. te sacle mia ees 10, 857 7, 592 98 99 100 107 106 85 
New Hampshire. ..... 5, 520 4,644 94 96 103 100 115 85 
Vermont.........----- 12, 836 10, 215 98 98 96 115 105 75 
Massachusetts...-.---- 8,381 7, 464 95 96 101 115 106 70 
Rhode Island. .......-. 1,681 1, 267 99 99 100 105 105 95 
Connecticut.....-..-.- 11, 438 9, 445 | 85 92| 110 85 | 112 75 
New York........-.-. 187,208} 156,360 102; 103 90); 109} 110 80 
New Jersey....-.------ 14, 118 10, 484 100 103 98 90 106 73 
Pennsylvania......... 161, 670 124, 815 95 98 96 100 110 65 
Delaware...........-- 10, 187 6, 410 100 101 98 103 95 85 
Maryland..........-.-- 28,013 23, 156 96 100 102 97 108 70 
District of Columbia. - 59 TOD ese S55 cial Peace a Seen cel oad scree | Meteaers| Meters 
Wirginias. tess sicss-2 << 139, 064 104, 005 98 100 106 100 100 77 
West Virginia......... 111, 417 110, 673 99 101 95 102 100 75 
North Carolina........ 244, 539 189, 178 101 103 102 94 96 88 
South Carolina.......- 93, 958 75, 422 100 100 101 100 100 115 
Georgia.......-------- 187, 919 180, 549 95 98 100 98 110 120 
RlOriday.. so sese eee: 39, 753 38, 895 101 103 100 100 96 115 
OHIO. A esse: 151, 391 98, 242 105 108 98 98 108 65 
Indiana............--- 117, 148 80, 938 110} 115 90} 102] 112 70 
Tlingis. eos ce oak 179, 953 155, 846 100 92 105 118 80 
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TaBLE I.—Honeybees in the United States—Continued- 


State. 


North Dakota......... 
South Dakota........- 
Nebraska....-..--..--- 
Bearisasiif22.-f2) 2225 
Kentucky-.--....--.--- 


Tennessee...-.---.---- 
Alabamai....-.--25-- 
Mississippi...:-.-.---- 
Loulsiana=.. 2: .---s-: 


United States... 


Number of colonies 
of bees on farms 
(United States 


census). 

1914 
com- 
pared 
with 

June 1, Apr. 15, the 
1900. 1910. usual 
number 
in pre- 
vious 
years 

Per 

Number. | Number. | cent. 
100,397 ; 115,274 101 
106, 090 95, 638 100 

45, 877 56, 677 100 
138, 811 160, 025 105 
205, 110 203, 569 90 
279 495 110 

2, 063 6, 565 105 
52, 143 45, 625 95 
88, 594 73, 737 85 
203,820 | 152,991 115 
225, 788 144, 481 100 
205, 369 135, 140 105 
95, 257 74, 350 94 
35, 231 29, 591 93 
392, 644 238, 107 115 
1 20, 137 19, 413 107 
111, 138 92, 731 99 
1,801 6, 313 120 

1, 020 4, 596 106 
59, 756 71, 434 115 
6, 164 10, 052 110 
18, 991 23, 770 115 
33, 818 26, 185 110 
5, 692 8,401 110 
19, 240 21, 903 - 150 
30, 870 33, 884 108 
55, 585 47, 285 110 
129, 444 201, 023 85 


4, 108, 239 | 3,445,006 | 100.4 


1 Includes Indian Territory. 


1914 | 1915 | 1916 | 1917 
com- | com- | com- | com- 
pared | pared | pared | pared 
with | with | with | with 
1913. | 1914. | 1915. | 1916. 
Per | Per | Per Per 
cent. | cent. | cent. | cent. 
103 104 98 106 
105 103 101 103 
105 102 115 96 
115 94 117 105 
93 86 115 112 
105 105 120 125 
115 105 120 95 
97 92 150 112 
90 100 108 108 
110 102 105 107 
115 102 80 108 
105 101 105 106 
95 100 103 92 
96 96 105 106 
112 115 94 95 
110 99 103 109 
100 92 102 88 
110 125 112 88 
110 120 112 112 
120 101 103 100 
115 115 108 103 
110 110 108 96 
105 105 98 80 
105 100 105 75 
130 105 115 60 
105 103 100 110 
108 98 95 95 
93 110 104 92 


Spring count of colonies, year stated, in per 
cent of previous year. (Report May 1.) 


1918 
com- 
pared 
with 
1917. 


Per 


cent. 


108 


120 


95 


104.2 | 101.4 | 102.9 | 101.5 | 88.7 
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COLONIES OF BEES IN THE UNITED STATES. 


The first census to make inquiry concerning the number 
of colonies of bees on farms in the United States was the 
twelfth, which reports the number of colonies belonging to 
farmers on June 1, 1900, to be 4,108,239. The next census 
(1910) reported 3,445,006 on hand as of April 15, 1910, but 
the last showing is unfairly low even compared with the 
first, because the date of the last census is 45 days earlier 
than the former and at a period of the year when the number 
of colonies is increasing rapidly from swarming. Making 
allowance for this difference, the number in 1910 should 
perhaps have been about 3,700,000 colonies. It seems 
unquestionable that the number of colonies of bees in the 
hands of farmers did actually decline in the intervening 10 
years, which had not been as a rule favorable for honey pro- 
duction and had also been marked by considerable losses of 
bees from diseases of the brood, which often destroyed 
whole apiaries, containing sometimes hundreds of colonies. 
The period of the Nineties preceding the census of 1900 had, 
to ‘the contrary, been favorable for bees, aside from disease 
in some sections. However, the report of the 1910 census 
represents more nearly than the former one the customary 
basis of number of colonies as recognized by bee keepers, 
namely, the spring count, i. e., the number of working colo- 
nies of bees remaining on hand (excluding new swarms of 
the current year), at about the settled beginning of the 
spring nectar flow, which, for the country at large, would 
average about May 1. 

The changes in numbers of bees since 1910 may be fol- 
lowed in a general way by a study of the percentages of 
increase shown in connection with the census figures just 
quoted in Table I. The bureaw’s first inquiry, made on 
May 1, 1914, asked concerning the number of colonies com- 
pared with the usual. The usual, being the average of the 
preceding few years, would represent figures in all proba- 
bility very close to those of the census year 1910. The 
responses indicated an increase over the usual of 0.4 per cent 
and an increase over 1913 of over 4 per cent, which would 
point to a small decline subsequent to 1910, before the 
beginning in 1914 of the upward trend which has been 
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observed in each succeeding year. The total increase since 
1910 to the spring of 1917 appears to be not far from 10 per 
cent. This growth has been largely within the ranks of the 
professional honey producers, those making this a principal 
business, rather than among the farmer beekeepers, not 
fully represented in this estimate, who, for reasons men- 
tioned later, quite possibly have less rather than more bees, 
certainly so in many sections where bee diseases have 
invaded new territory. 


TasLeE Il.—Honeybees: Per cent of total swarming, by months. 


Proportion of total annual increase of colonies in— 


State. 
March. April. May. June. July. August. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
WEG. - scadeneBCee eee Set Hses] HDSHeBeaae Hosoda soe 7.3 50.1 38. 7 3.9 
WiGhy IER TiS TOR beak Aaah s Re eeP eee ao ecoHSces Shee 48.5 28.3 13.5 
WGIg Othe oo asec eeeaeaneeeod bo beseaeee Cocece meee 5.8 59. 2 31.3 3.7 
Massachusetts....-.-- Bh ncesalloa se cess 1.4 20. 8 47.1 21.2 9.5 
Rhode Island. --.2..-2.-:-.-:|-- Sine CRE Pee Ate ere 5.0 80.0 15:0) eae s 
Connecticut.......-.--- Sail eae 3) 5 25.4 49.7 21.7 2.7 
IN GOR Ke ec sect in races. oso eaereec isle 9.5 54.4 28.5 7.6 
IN inv UGRGIs node sticene sseal|Msseaneeee 1.0 29.4 48.5 11.8 9.3 
Pennisylivarhiae ny. jecie cas 2) aise 2 es Bi fe: 19.7 58.3 15.8. 5.5 
ID RIB EG pce cee ncenbectoed HAeEEeeoee beccoaene = 37.0 50.0 8.0 5.0 
Marylandae secs. codecs ss enes|Suscscnm ss 1.7 45.4 42.0 9.3 1.6 
Virginia....-. stocodtososneace 0.3 3.9 45.7 39.3 10.5 «3 
West Virginia. .........------|-.-2-.--- 1.0 26. 2 45.5 25.6 1.7 
North Carolina... -..-..2.-.- 32 12.2 49.6 30.6 6.9 5 
South Carolina...........--.. 5.1] 56. 6 35.9 A Vevrsiela cl alats ated Wrataetaret vate 
GOLA asec os oe ct an 15.7 50.1 24. 8 4.4 2.6 2.4 
TN aye ee Eas a eee 33. 2 38. 8 15.3 8.8 1.8 2.1 
ORGH ae ene ect sessicccuifocisc- eee ATs 21.3 55.1 20.6 2.3 
Hndianame seo yes sess hols jess 2.5 20. 4 59.0 15.2 2.9 
BipHois aes 0 Le) a [ipatt. A: 18.0 58.5 19.0 4.3 
Machionrteseascee Scere eccete liote rs... apedesl omen 3.9 56.9 34.3 4.9 
VISCOSITY soe ee eee cc. le unl aiccleeine sesaee 5.5 58.4 30.7 5.4 
IMTS CSO ba ete eaters [tia iaim on aren [peers aisle 4.5 55.0 33.8 6.7 
NOW deem ree cece s Heel ee -5 10.7 59.1 25. 4 4.3 
IMESSONMI Ss 225 Soma. seees sells clk kee 3.6 26.7 47.6 16.6 5.5 
IN OGUHYDAKOLGs =) tose os eee a lL 2. bash otloueseeco ce 5.0 51.6 36. 7 6.7 
SonthDakotar ee! Vee ea es ae ee 7.8 44.1 35. 1 13.0 
INGDrASKA se seer ces ee ew Re oe eee 13.7 51.2 27.7 7.4 
NEANSAS Ue ese Seo och. ole ss whe eee 9 27.3 46.9 17.4 7.5 
IWGHEN ky. toe keene cee. cb St 33. 4 51.9 11.4 2.6 
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Taste I].—Honeybees: Per cent of total swarming, by months—Contd. 


Proportion of total annual increase of colonies in— 


State. plea TY EAL NP RD ARE A 8 
March. | April. May. June. July. | August. 
Per cent. | Per cent.| Per cent.| Per cent.| Per cent. | Per cent. 

Menmnesse@y apiece eeiie aes = eevee temo ine 9.6 51.7 30. 7 6.1 1.9 
Alabama.....-.......-...-.-. 4.7 37.0 82. 5 19.0 1.8 5.0 
MISSISSIPPI eeeeseeeeeee oa cee 1.8 45.4 30.4) 15.0 6.5 9 
LOUISIANA ee el eee te 5.8 42.5 28.8 13.2 71 2.6 
THOR AS eee eR iL out 11.1 38.1 28.3 14.4 4.6 3.5 
Oklshoma eee ae AMeen sa ity ee 4.1 47,7 35.2. 10.2 2.8 
Arkansas) csseswousotemstetiecis 8 23.5 40. 4 25.0} ~~ --3.8 6.5 
Montana ss: sa tencsea oe consska elec seis Sa ek Mache 9.6 38. 4 42.3 9.7 
SVVay OTs eee eee re aera nte eres | ciainjeteioteretepa ees eieepere one 2.5 22.0 53. 0 22.5 
Colorado... = 2.3.) g5- 002 eo SOME A Cees se 11.8 34.9 37.8 14.8 
ING@wW) MCXICOn oe aiaceseiscesies sloeeecinase 3.7 34. 6 31.1 15. 4 15.8 
SATIZONDS: Sate eee eats 18.0 30. 0 31.0 12.0 4.0 5.0 
RGA) 0 Wycome iene Pareeaieoiee ietge isa a bal Dees te Pee eS elae dere eat 16.1 49.4 27.8 6.7 
Nevada site scenes ca eheeswemalvarcsmcices 13.5 50. 0 33.0 5.0 1.5 
Tdahos: $6 aS Rae ee eecale eases 9.8 50.0 35. 7 4.5 
Wiashingtoneeeen a. sseeeeee vslane seer 2.5 27.0 42.1 21.5 6.9 
(OMS sod ocoosoconpasocsccs||soo00n55085 5.2 28. 5 52.1 10.6 3.6 
California= epee eee 5.9 41.7 31.2 12.1 6.4 2.7 

United States.........- 3.5 16. 4 25. 1 36. 2 14.8 4.0 


INCREASE BY SWARMING. 


The net changes in number of colonies from year to year 
is the balance between the increase by swarming, natural and 
artificial, and the losses. The annual primary increase by 
swarming must, to offset the losses, average between 15 and 
20 per cent of the number of colonies, not counting the 
swarms that escape and establish themselves in hollow trees, 
rock cavities, etc. The number so escaping must be quite 
large, but can not be determined. Most of the increase is 
by natural swarming, but as this often reduces the production 
of surplus honey, there is an increasing tendency among bee- 
keepers, amounting to a practice among a large part of those 
who make this a regular business, to prevent natural swarm- 
ing during the main nectar flow, in order that the bees may 
devote all of their energies to the gathering of honey. Pro- 
vision for increase in number of colonies, if desired, is made 
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later by the method of artificial swarming, which is, simply, 
division by the apiarist, after the removal of the honey sur- 
plus, of one strong colony into two or more, which are then 
allowed or assisted to build up in number and store supplies, 
so that by winter they may be strong colonies. 

The results of an inquiry concerning the per cent of the 
total swarming, natural or artificial, occurring each month 
is shown in Table II. 

In Florida, Arizona, California, and Texas, and occasion- 
ally in other States along the southern edge of the country, 
a few swarms will sometimes issue in February. It may be 
seen that swarming begins quite generally along the Gulf 
coast and in Arizona and Texas in March, becomes heavy in 
these States in April, continues there with lessened intensity 
during May, in which month it begins strongly throughout~ 
the central tiers of States and slightly in the northern tiers. 
In June it largely terminates in all the southern group, but 
reaches its maximum in the Central and Northern States. 
During July swarming continues heavy in the far Northern 
States and in the elevated portions of the Southerly and 
Western States, while in August swarming is limited, except 
in a few localities. Swarming occurs in September in certain 
sections where there is a heavy flow of nectar that month, 
such as the swamp sections of northern Indiana, although 
for the country as a whole and for all States swarming is 
practically over by the beginning of that month. 


WINTERING BEES. 


The provision made in the way of fooa supplies and extra 
protection for wintering, bears directly upon the rate of loss. 
Inquiry was made concerning winter food requirements of 
bees and the winter protection given, and the results are 
shown in Table III. Since the heaviest, and quite possibly 
the majority, of losses are due to starvation, inquiry has 
been made regularly in November concerning the supply of 
honey in the hive for winter, and the results are shown in 
this table. These last figures can not, unfortunately, be 
taken to reflect the average for all colonies. but more nearly 
that for colonies in. the possession of progressive and pro- 
fessional beekeepers. These figures show that while con- 
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finement is less as one proceeds southward, and limited to a 
few days at a time in the far Southern States, the winter 
consumption of stores increases rather than diminishes 
going southward, probably owing to greater winter activity 
of the bees. Little winter protection is provided for bees 
where not absolutely needed. Practically none is given in 
the Southern States, and but little in the middle tier, but in 
the far Northern States it is the general rule to pack or cellar 
the bees. Favorable methods of packing and the extent to 
which used in the different States are indicated in the table. 


TaBLE 1V.—Honeybees: Losses by disease and in wintering. 


Summer losses of colonies 


raniidinesces Winter losses of colonies from all causes, - 


State. 

1915 1916 1917 1914-15 | 1915-16 | 1916-17 | 1917-18 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Maines. J.02<c5-15 5.0 1.2 1a A SAaseeriee 9.5 5.8 21 
New Hampshire... 0 2.0 ASS) arenes! 12.0 17.5 25 

Wermontes 4-5-2 2.0 2.0 .3 11.0 9.0 15.2 i 
Massachusetts... -..-. 1.0 4.0 2 13.7 23.0 12.1 41 
Rhode Island ...... 1.0 0.3 Oy aeeeeec'< 19.0 23) 20 
Connecticut.,..--.- 0. 2 10.0 4.7 16.0 22.0 5.9 31 
New York......... 0.9 3.0 1.8 19.8 15.0 8.2 23 
New Jersey.-.--.--- 5.0 3.5 1.6 6.1 25.8 10.6 30 
Pennsylvania. ..... 4.0 3.0 2.1 15.7 17.1 11.8 40 
Delaware.......-.- 0 eo Sih ERE eee 14.0 17.3 20 
Maryland.......... 0.8 0.5 | 2.1 11.4 19.0 6.3 41 
WATgInigeesee ep eree 2.3 1.0 3.7 11.2 19.2 10.7 38 
West Virginia......|.-...-..-. 3.0 1.1 5.7 14.7 8.8 31 
North Carolina..... 0 0 2.2 5.1 17.0 15.5 17 
South Carolina..... | 0. 4 0 2.5 13.1 11.2 13.5 11 
Georgia.......-..-- 1.0 0 1.5 14.7 10.1 4.5 4 
Ploridase sc cs-s eee 0 4.5 2.2 8.4 11.7 5.0 4 
Ohio Pesce alee ee a eB) 3.5 2 16.1 16.6 10.7 34 
Indiana............ 1.5 2.0 4.1 10.8 17.4 9.7 P4f 
Tilinois............- 2.0 1.3 5.6 11.3 10.7 6.7 21 
Michigan........... 2.0 3.8 2.7 10.7 | 16.0 10.2 22 
Wisconsin......-.. 1.5 6.0 2.5 5.4 14.4 10.0 13 
Minnesota......-.- 0.1 1.5 252 16.5 10.0 12.6 14 
TOWR2EE hees acces 2.0 4.0 4,9 13.0 10.8 10.6 18 
Missouri.......-.-- 2.4 1.0 1 31.0 12.6 7.9 17 
North Dakota..-...|...-..-.-- 0 OPE seeecece ges 8.0 5.3 5 
South Dakota...... 5.0 2.0 2.5 7.8 15.7 13.5 14 
Nebraska.........- 5.0 2.0 PET 15. 8 16.1 12.5 21 
Kansas: jc. secess 0.1 1.0 2.6 7.4 11.9 8.1 12 
Kentucky.......... 1.0 4.0 1.9 9.5 10.9 14.0} 35 
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TasLe 1V.—Honeybees: Losses by disease and in wintering—Continued. 


Summer losses of colonies 


Trani discact Winter losses of coloniesfrom all causes. 


State. 
1915 1916 1917 1914-15 | 1915-16 | 1916-17 | 1917-18 

Per cent.| Per cent. | Per cent. | Per cent.| Per cent. | Per cent.| Per cent. 

Tennessee.......-.. 0 1.0 1.6 8.9 20.9 5.9 24 
‘Mabamas. os.) 52-2 0 0 “3 17.3 11.7 7.6 6 
Mississippi........- 1.0 0 5.3 23.2 7.9 (Bal 7 
Louisiana.......... 0 0 5B Theat 10.4 14.5 4 
Maxsisess frees Pe 0.5 1.0 8 pal 8.0 6.0 24 
Oklahoma......... 0.3 0.5 5 15.4 11.4 7.5 13 
Arkansas.......... 0 0.5 1.6 25.0 15.7 13. 2 9 
IMONLANS 232-2. 5 2-5 3.0 0.3 Vee sccdeaes 24.1 Fa f 14 
Wyoming...:...... 0.3 0.3 4 19.1 dl 20.0 8 
Colorado. .......... 2.0 2.0 4 10.5 11.2 14.3 8 
New Mexico....... 1.4 1.0 2.6 9.2 4,8 9.0 8 
LATIZ0na: 22k a. 3 1.0 3.0 Lei! 2.0 Una 3.9 6 
Wiign) Desa ee ae 4.0 3.0 1.4 10.5 11.0 30.4 6 
INGVAGAE tame a ee au|sceenccase 2.0 a 5.0 1.9 14.7 7 
IGE senses aed 5.0 1.5 12 5.9 10.5 46.6 5 
Washington........ 2.0 3.0 3.2 19,8 17.8 9.0 6 
Oregons. 3.3% <isi0'- 0 3.0 7.4 3.9 20. 4 20.0 8 
California.......... 4.5 5.0 6.4 5.0 8.5 10.0 11 
United States. 5 2.3 BEE 12.6 13.3 10.1. 18.7 

LOSSES. 


The losses of bees by disease, principally foulbrood, during 
the summer, range from practically nothing to almost 10 per 
cent in some States, though the latter figures are exceptional 
and may be due to mistaking starvation for disease. The 
losses to bees in wintering are severe, ranging for the United 
States as a whole from 10 to almost 15 per cent, and rising 
in some States to almost 50 per cent in the winter of 1916-17. 
Details for three years are shown in Table IV. The losses 
for the winter of 1917-18, owing to an early and exceedingly 
severe winter, are reported at 18.7 per cent, more than a half 
greater than the average of the three preceeding winters, and 
the heaviest in a long period of years. 
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TaBLE V.—Honeybees: Winter losses, causes and percentages of. 


Causes and percentages of winter losses. 


sean | 1d] MEISE | sjarvationgln,| Cag peunaure, | Molten 
1914—|1915—/1916—| 1914— | 1915— |1916—/1914—| 1915- | 1916— 1914-o15- 1916- 
15 | 16 | 17 15 16 17 | 15 16 17 15 | 16 | 17 

P.ct.|P.ct.|P.ct.| P.ct.| P.ct.|P.ct.|P. ct.) P.ct.| P.ct.|P.ct.|P.ct.|P. ct. 
Maine 2k coos os ak ge afaeees 0.3 | 0.6 |.....- DOM mon) seco Dele nebard | sires epee 0.3 
New Hampshire. .....|.....).....|...../....-- 9.4 | 4.6 |..... 2.0 oO) er eS ose a | a 
Vermont.............. OS SN SO OR ee |) CES OU eG EEG ease ae SS 
Massachusetts.....----]...-. HOW sO lleseraes PSV AMAZON | 2408085. 0) 253) | ees lees | eee 
Mhodetsland sss sesses|ssons|seoee lessor caeeee Lyf | se 3B: Ol SQM ie scen| Sess | oot 
Connecticut...........|..-.. 1.8| .4/ 16.0] 7.0] 1.3 }..... LONG! els2 5 Bene | sees «4 
New York.........-.- 1.2] 2.0} 2.1 -6} 10.1} 2.1} .1] 2.0 ao Seca PRSBE) as 
New Jersey. ...--...-- Qe DON | pond ull eee 11.9 | 2.8 |..... BoB eas teen ke ee eee 
Pennsylvania......... 2.2))) so 1.6) 12) bss 1.7) 850) | 18 jose ONS a eee 
Delaware.............}..... 5.0 | 2.4 |...... CBD 6 Resse) Posedo ae eee 2.0} 2.3 
Maryland............. -3/3.0) .9] 4.7] 11.2] 1.8 ]..... -6 ath il O24) Ib 5s -6 
Virginia.......-.-...-. 1.5; .8} 1.0] 1.8] 13.3] 3.0; .1) 1.8 pil oh Tok 4 
West Virginia.........|..... TB 6 |Kasose 8.3 | 2.7 |.---- 145 | (329) aaues Sul ens 
North Carolina........ 4) .4] .9| 2.6) 11.4] 6.7 ]..... 2.0} 2.7) 1.7) 2.0] 1.1 
South Carolina........ S08 | AS |) a8 || 5.51) G9 ce. 165) |Wosoac 3.7] .5|] 2.3 
Georgia............-.- 228))/1..5))°3.0)) 100075) Sol |scoealse 2. 5 -4/ 1.1] 4.0 -8 
Blorida 3. fe cc05. hee PRBS | PH) BP eee OBO PI aeeon dQ Nose ete | Sateee 4.0 <3) 
Ohio se eee ee SPL PRI cosas 6.7|-.9|2.6] 2.0] 4.8 ]-..-.. ay loesse 
Indiana.....2......... SO een ON ea ea 1TON2N SO 252 1) AO) aaa8) cence oleae 
Tinoisess ees oss sene ee 2.1) 1.2) 1.8 oly OG IER) OREN) EG BM) esses} Tee! eedae 
Michigan.............. 2.912.0] 1.4] 2.6] 10.0} 2.8)1.6] 1.5} 1i|}-..... EOP EA 
Wisconsin............. 4.1) 3.0 | 1.8 }...... GEO eee abt BPA TES eee ecess al 
Minnesota........-..-- -2)2.2/1.5) 10.5) 2.6) 4.5 ]..... 2.6 (jl Be =.3) .2 
MOWB Ess Chee skseceeese 2.4 | 2.5 | 2.1 ert ASS wieder sine Gah ete BOT Bose ais) 08) 
Missouri..............|..-.- BBO) Pate eooaec 2.2/1.6] 4.3) 1.7] 2.3 |.-2.-. 2.0 8 
NortheDakotarsenecosleeeea| sce elaceeel sna ASO) eleSh ss eo| bse 18) |S ose seeeele ees 
South Dakota......... -4/ .7| .8] 2.8} 5.0] 5.4}3.0] 3.0 Sis ee SRE e ae 
Nebraska. ........-... 2.4|3.0)2.4) 3.6] 3.8) 1.5|2.6) 3.5] 5.9]..-... chai series 
IRansasesene ce enc a catice BAIS ERON BEN OBI} SHO 1) GTN Te ess AS RT ee 
Kentucky............- SOM each me Siu Macere i pmOs Geek O Mi iererd iil uekes Ol | iiesceds te tesder haurep ln eee 
Tennessee......------ | 14; .6] .8) 3.7/12.6)3.8) .3] 1.5 Onl etoiielers .3 
Alabama,...-...-.-... -8/1.0] .9/] 10.5] 5.0] 5.3 ]..-.. APA aes -1/| 3.0 =O 
Mississippi......-..-.- veal Weel Cuda lpn i eh Ser nl reese neta stots Be i i Py 0) 
Louisiana.......-..... QE 2 Ou mm Os Oulin Laci nce | Serica let e race | Soe ete meee 5.6} 2.0 
TORS soe ccse sini 1.5)1.5)2.8) 32) 3.2) 2.41..... ol Stk CP os 2 
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TaBLE V.—Honeybees: Winter losses, causes and percentages of—Continued. 


Causes and percentages of winter losses. 


Queen lost or Cold, exposure Moths and 
State. failing, Starvation. smothering, : ants. 

1914—|1915—|1916-| 1914— | 1915 |1916-|1914—] 1915— | 1916—-)1914-/1915-/1916— 

15 | 16 | 17 15 16 17} 15 16 17 15 | 16 | 17 
P.ct.| P.ct.|P.ct.| P.ct.| P.ct.|P.ct.|P.ct.| P.ct.| P.ct.|P.ct.|P.ct.|P. ct. 
OKlahoma............ 1.0/0.2])1.0} 10] 5.6] 3.6]2.4] 2.0] 0.7]...-. 3.0] 0.7 
PAT KANSBS an eee oko sls oes « SON els Li]) SosOb SON toaei pene e Ady bO Reese 3.0 9 
IMOMTATIAcesct clas Se ccc ole ud ois SOs 9) | see OANA Oe lester 22a 19 | Os Saleem | sees pees 
Wyoming............. TE 7/4 LO I) BB eee. |) te) he BC eae TOA TEL Iesecdesccelleesse 
Colorado’. -6.. 2522-2 PL BUI PAG | PRO) a5 29D It BC n ake PEGS EH ee oe hoe oallne ce 
New Mexico.......... Peo 252) |. Ole sees Br4 | ese eaeae 6 VEOH Peas ileal -1 
PATRI ON Aes etn sonatas c Tt Ws Bin Pe Bese DOM PQ Bilaetece|owas «cle scacn eat ealceseatiaeces 
Witah ese manee cee ce ton. CE Se ae Ate i eA BS GoG 1.3 SHURLS Oras 9) PL 9S Ob lees | seca estes 
IGT aides 7SHedee ee] GALES! Baer ol BREE BESS. 5 SAR ci Bian esas leer ees yy fal Parsee [hairs Paes nats 
Tdghos ese. eosesecs +s PEA PBL 9 +2) 400 4 2 NG 972 304 Base Benn ooec 
Washington........... SO leonieds -2] 4.0] 3.5 |16.9 | 8.4 UA8) |becoo «oO 1 
Oregon. = conc sctces D4 PI (9 PAN |G Be sce 2.0) ) 1.2 eo . BRO Nell SFO Vescde 
California............. 94.81 || BRU) PAGS 1 1.0} 2.4 |..... Cty eh inal ie es 74 illasde 
We Saverazes =| 155 Sel edi7 Sea tenOnOs2ad | oD Ned [e248 itd -83 

Causes and percentages of winter losses. 
Foul brood and Poor honey, Late and weak 
State. other diseases. dysentery. swarms. 

1914- | 1915- | 1916—| 1914 | 1915- | 1916- | 1914- | 1915- | 1916- 

15 16 17 15 16 17 15 16 17 
P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct. 
ERITIO R eteie otis mais mete Olam Sb wicks siwiatein lnc cela Syemesita Se watealeoetes WD ssdonlikeosae OFZ} S52 e2 
New Hampshire.......... 2 Eee Fars | Vie Pes oes es] ne ce Gh USO! Iesosac ADb Geeta 
WiCLEOMG eae close sass aise wefoc|s se stoul|Sersates ONSalin ends | Sessa 2.1] 0.1 Bl ere lsere 
Massachusetiset-sscccese. secs csee|ts tee 0.8 3 68h baoaae .2 | 111 08) 71,83 
1B) 5CGNG UG) Lis) nO a Se SS a a dA aa ct co a Sd TN est eK Le 
Connecticut. -.............. Sa as) See Be: 3.0 7 Bee OBs SOEs asec Beece sl eee 1.7 
ENG WapMODKes Sirs cies cess cisco tiviace xia ote =| o cielo steeds Beta tl OR: 38) BF) GSC ee ees ig at 
ING WAIOTSE Vics sccscce sc sesen tt aces 0.1] 2.0 -6 Gye Aa SUM} obs belses ae slises 
BennSylvaniavess--- loss n< 225-20. |ss2 sen 3.0] 3.2] 1.8 Ota led ae talene2 7/ A el Pes 
DIS ENERO. SSE SETS ITE tee Paras psf eet capa EE al a a a ee a 1.3 
Maryland messi eee eet eee ore. S| Sect sees .9| 3.7 58 oh Ls 4y| eee 1.0 
Wancininwae secon ee emaceecc esha lsnasine al Lee el aoe lO 1.6] 1.4 3 1.9 
WrestiVarginiamrs stokes cocci beeres| baer ee|eessee Seta dead 5D eee 1.0 a7 
North’ Carolina 22 2.22222 222. oes SBR ES 2 tones See 1.1 4 aD) 8 
secant Ds OM lea soa emerseis Sale eee sold 4 5%) \lboo555 


South Carolina. ................-. 
--36993°—18—Bull. 685 —3 
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TaBLE V.—Honeybees: Winter losses, causes and percentages of—Continued. 


Causes and percentages of winter losses, 


Foul brood and Poor honey, Late and weak 
State, other diseases. dysentery. swarms, 


1914—| 1915—| 1916-| 1914—| 1915—| 1916-| 1914—| 1915-| 1916- 
15 16 17 15 16 17 15 16 17 


P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct.| P.ct. 

(GEOFBE boocosebnondhodsooseadonsad| boosted posboc Wb! |oacttod|ecencal|soose =|--eeee 0.3 |...-.. 
MIONIAa ese se eoecia tape ciecee lb awines BBW SHoacalladecHallasease Ob |) PES sesedallossceo 
OIOte. sae eee sees Sas ke ceioeeeiees 1.5] 1.2 -3| 5.4] 1.0 4 2{ 1.0 0.2 
Tn Giana ee eee eerste mag ee see os 6 -3 1}, 2.9 3 58) |basess 2 
NINOS! Moe seicscts See Memonentecweriticsnes 4 eS eet) || slelereiste 2) 1.8 1 9 
Michi ramen tee eee) WB eee bees 5 -3] 12] 21) 1.8 -8 2 ~2 -3 
Wisconsin eee sence close salle eres ol As) -6} 2.0 oo) Seeds 3 .6 
MIM eSOb Eee eee eee tah Ue aes 5.3 -5}] 2.2 ]...... 1 1.5 
TOW ee oeticane cic nese sales awe ees 1.3 2 -1| 3.4 5 BN 2a Nocce ee 7 
Missouri. 22k. ccle Sotetee eck Sen oleclcace aff 68) |} BEE igsGadallecaces Sanise 2.0 2 
North Dakota ieee eee ee ee ent a ee tra Tie a te ae RE CRN eee 
South Dakotas. 20.8.0 ces ce fb cues Base Fae} | Lala 250) aaeee 48 .9 
ING DraSk ase eye tee ate ta See Sep caus terete 1.0 St) CBO Babess) Maceo paces PL) ena = 
ISATISAGH Se Eckel to rte sie ope eta Shove ai] eR AIR Sa ee Ae 62 leooas 3.3] 1.0 1 
Mentucky sores ce eae tine 2 Oil) le aeosa) jase kee Le) A 2 5 
Tonnessee is JO ok, Be sae De SON sees 1.0} 2.5 ]...... UBT aneeine 4 
Alabamasesescioee sere eee -1}] 2.0 AY (ia aro Be ba ap eh Suse oil 1 
Mississippis soc) 2... - desc Yon 2.2 7} 1.5 B30 BES SCA eSaGE sedeaa Hocues .2 
Louisiana: eo ss ogee oe eee eee eo nalas| Sete | cise eel Seeatealicicate ove [ere sven eters re cieatena [eee Lae 
ET OXAS EN Sites SU One ae oan eerie +2 Sito eseaes ee Sel ceneeel Hee TON ae meee 4 
Oldahomay oh Mee jase ee ee ee UN de SAA Goeae Bb lisonges 1] 2.0 Sue eke 
IAT AnSas sehr a Ae aed ob ciated otsrataia |forererereiel| Seve overall Stas cleral| evcrarasel] arose 
Momtama aah ee a ae Se SUA Oat ela cere 580 | Baeereis -2 8 
Wiyoming et . s22e es Sesser tocleeen loads s ae PN IRIN i iy Ses Gyeeeuos 1.0 4 
Colorados oe) cease Seas asa 6] 3.5 4 -8 oL} 1.7) 1.5 5 4 
ING WEMGXT COn ee esc ect Ud oe nM TT el UP SUN a aflan Laat 1.4 
ATIZONA ect secede ce ousineeesctces Wim lisse eter erererstota eaciatete [mnetces einmioe SO eee 1 
SGI hay ht a eA a I Pa Oa 1} 1.5 731), BEI baogoe 1 Byars 2.0 6.8 
INOVEAG ESSA e ee ek Basse Lecter dicted s «stele site creiatal| e cteleterel oie cies allistelerstaellicveisie ieee a etal ono 
1G ETO SAB oa RSE CONE Eee ho HaSEe aE BEBE oE as] baeiice -6 |] 2.0 |119.8 -6 «2 .6 
Washingtonian sel ae eer a Cae eae 2 AL Pa eG Reboae ailecosee 7 
CO efeo) oat Pera Sar LTE a 1.0 -6{ 1.6 ]...... 2.0] 5.5 ]...... a IaGasse 
Californie ee ease Ss oecisie nO} bites Divi ic Sal ay cee rao 3 tial Pepe 
U.S. average....-......--.- aC) od -8) 2.1 At) -6} 1.1 “4 «5 


1 Honey dew, coupled with extremely severe winter. 
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TasLe V.—Honeybees: Winter losses, causes and percentages of—Continued. 


Causes and percentages of winter losses. 


Lack of young Miscellaneous Total loss of 
State. bees. and unknown. colonies. 
1914— | 1915— | 1916- | 1914— | 1915- | 1916-| 1914— | 1915-| 1916— 
15 16 17 15 16 17 15 16 17 

LEAH ia|| Jeo Big dental 123G5 | 25 Gal Pentel Veh || V2E Gil denen 
PVECRETIG -eeprntenysge et na rae oh eS ok (0); SiH fees nl ere OZ ie Qe eee 9.5 5.8 
INGVGEVARIDSHITOM- ae cose eer S SERN! ARE CS Sel hie OIL ea ae 12.0] 17.5 
Riirerrnaeee te LP aD ea ea ble) TaGuielsO)|| 2a1n Teo lee NON rol oae 
IMASSACHUSAGIS ssc sit oft athe ees sea |oc sce: BS Ores | ssate [ee nee 2.8 | 13.7 | 23.0 | 12.1 
UH OCORSIATICee era yee rice a ae RE a THOM BESS Eanes 19.0 2.3 
WONT ETCE Ge te eee ee eee aoa 2 PRIM Fale SEI Av -7 | 16.0 | 22.0 5.9 
ING WACOR se eae ee Ree Ra se 1 mabe rat 5} 1.9] 19.8 | 15.0 8.2 
IWewierseys<tscc-8s. 0.2.02 2s 285 T3i| eleraR ess et 5 | PA -7 | 6.1 | 25.0} 10.6 
PONNS WAN Bsa sci ce teece se .2 1 4] 5.9] 1.7 -7 115.7] 17.0] 11.8 
IDG ENERO bo SHAS roe E ESC Oe GS Ca eb ees lore Sol eecieeel eemcaaee TSO P63 | Be saae 14.0] 17.3 
Marnylarde nn Soke seed cows Le 1, eee ees alle iar 2.5 -3 | 11.4 | 19.0 6.3 
WATE g wah ks Sh A a a A BG yal ia Metal 4.1} 1.0 -9] 11-2] 19.2) 10.7 
RVVCOSUM WARE e ol eee 2 a Se ee iI 5t5) AC tin eye B76 8.8 
INOni RIC ar oling eee mye mie cciecas [sine 2 sis] oaeelsel eres oe eee -2] 2.2) 5.1117.0] 15.5 
Soba CRia tae a ae ees La od ee ee Al AE BeBe aaeane Senees 13.1.) 11.2) 13.5 
CE GOT A eee tee ee ee ei ie Scie Sl ae [coh 2 Rie 1 a7 .2 | 14.7 | 10.1 4.7 
IN TG eee SAS cei leeaesen eM ee Ang eaten RS ae ahs 3.8 -5] 1.0] 8.4 | 11.7 5.0 
(GH anic Ae eS Le i 5 ae Oe ce eee 5.5 73 .6 -1} 2.0] 1.3] 16.1 | 16.6} 10.7 
Tiree Nie os Wal ANS ae Re ee a Ve? att -4} 1.1] 2.5] 1.5] 10.8 | 17.4 9.7 
ANTENT ONS teresa Ne ote aS ae) na ais iliv we aenlei=| Bere eceotees pil 1.5} 1.2] 11.3 | 10.7 6.7 
MCh Sal eee eae sens cus celebs [Pe aa .3 5 (3! Baers 2.4 | 10.7 | 16.0} 10.2 
IVES COTESETI EA peeene noes sects dts oo OU [are a) -7] 1.5] 5.4] 14.4] 10.0 
Minmesotaiese sscesee sss eke eR .6 ?4 -5] 1.2] 1.7] 16.5] 10.0] 12.6 
La) PO 2 8 SiN oS Ie 2.0 25 4) 1.1 8 -8 | 18.0] 10.8} 10.6 
IMASSONITI eee ee cee ee er Sg -5 | 23.4] 1.0 -4 1} 31.0 | 12.6 7.9 
Northebakotarye eel ieee peas le ge aS ole Lee iy VES EME S 8.0 5.3 
South akota se. tee 2 he Be ese eke| ae oe -8} 3.0] 1.5] 7.8) 15.7] 138.5 
INGbraskasesseeme eae lec esau de ful ension 1 6] 3.6] 2.5] 1.6] 15.8] 16.1] 12.5 
DEST ELS Poet eure mI EDN Aste Rea sil Sak hale -7| 7.4] 11.9 8.1 
NeomGUCleyjr. Meese ERE yy LUN KS I, od Ll 7 -7}] 1.61 9.5] 10.9} 14.0 
Mennesscomwee see ee ee oleseo sale f alee NS EO .5| 2.0 -2| 8.9} 20.9 5.9 
PIE] Oe T0412 52 SS Ae Seas es i ten ny a Le 5.8 By: oo Da 17.3 | 11.7 7.6 
MSSISSID Plea arsenic ee ooo] yeu Woes Se ea Wiel A ete 23.2 | 7.9 Tai 
SE CORES EY 2 If PR Ne LA 1.0] 8.0) 7.7] 10.4} 14.5 
PLAS EMD AL BAAS at DN 1 le ade .6 ail SLA ea S80. 6.0 
QEIAHTOM De aces e sey see iage aise oa ee See MY 8.7 -38| 1.4] 15.4 | 11.4 7.5 
PARI TISAS pase te CANA ATI), Oh 2S UR ERR (BOL Se eee Sa 1.0 -5 | 25.0 | 15.7] 13.2 
IN (ay an seen aha PAS ya oa a se re Vo a Pe Ta 24.1 | 22.7 
AYA Waa TNE oY fo VS eS eo eg IGT S| (PSO | TM PM -7} 4.9]19.1] 5.7] 20.0 
Coloradosiee yese sess usijnecces as 1.1 sal 3) 2.3 aoa 10.56 111.21 14.3 
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TaBLeE V.—Honeybees: Winter losses, causes and percentages of—Continued. 


Causes and percentages of winter losses. 


Lack of young Miscellaneous Total loss of 
State, Ss and unknown. colonies. 

1914-| 1915-| 1916-] 1914-] 1915-} 1916-| 1914~—) 1915-| 1916- 

15 16 17 15 16 17 15 16 17 
P.ct.| P.ct.| P.ct.| P. ct.| P.ct.| P. ct.| P. ct.) P.ct.| P. ct. 
New Mexico...........2.....2.--. ORE Ne acoue 1.5] 5.0] 0.7] 0.2] 9.2] 4.8 9.0 
a) Nval Ag) a Ya yest Pere A nea ung ca yet Cl LAY a Pee] A Oe ga 1.6 .6} 2.0] 7.1 3.9 
pba ae ee Be ON ies TE ane ea) Pages © of 58 -5 | 10.5] 11.0] 30.4 
ING VEG Ore Sear ye ere wig eI eae Ra a 5.0] 1.9 }...... 5.0] 1.9] 14.7 
TAO INA AYER ED nah NT O58 Weekes .6 5 3] 5.9]10.5] 46.6 
Washington =o h-022 Pes ete ee 4] 1.6] 1.0] 1.5 5 | 19.8 | 17.8 9.0 
COS wsF X01 aac iol Sr DRSUER Gah bg oens Mariage Fae (| Sn oB tlng| Pee 3.9 | 20.4} 20.0 
Californian eee vate yee Ube ot alba 1 nie ee 9 1.0 4 5.0 8.5 10.0 
WS VAVELag Oss fe noes ote 4 2 PA |)» P4ke} 9 9 | 12.6 ]13.3)] 10.1 


° 


CAUSES OF WINTER LOSS. 


The principal causes of winter loss, as reported, are shown. 
by States in Table V, being in order starvation, cold, queen- 
lessness, weakened condition resulting from disease or poor 
honey, such as late unripened aster for the winter food sup- 
ply, a small cluster of bees due to late swarming or other 
causes, and lack of young bees from any cause but due 
usually to a failing queen or an unfavorable autumn for 
brood rearing. 

Starvation, the most frequently reported cause of loss, is 
entirely preventable, and losses from cold may also be 
greatly lessened. The other factors are more difficult to 
control, but losses can be greatly minimized by intelligent 
care and attention. The losses shown in Tables IV and 
V unquestionably considerably understate the average loss, 
because they represent in the main the experience of the 
better beekeepers. Those who keep bees housed in kegs, 
thin store boxes, sections of hollow logs (gums), and similar 
receptacles, giving them no attention beyond ‘‘robbing”’ 
them annually of their honey, often at the most inopportune 
time for the bees, leaving no reserve of food to carry the col- 
ony through periods of summer drought and winter cold, and 
lacking knowledge of the nature and cure of the diseases and 
other ills that occasionally afflict bees, are naturally the ones 
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to suffer the most severe losses, and such keepers are not as a 
rule among those whose reports are included in these tables. 

While the losses under such conditions are very severe, 
poor beekeeping is tending to its own correction, as brood 
diseases, once they attain a foothold in a community, soon 
eliminate the inefficient and careless beekeepers by elimi- 
nating their bees, while the informed and attentive apiarist is 
able to control these diseases, though sometimes only through 
the expenditure of much time, effort, and expense. 

‘Losses are frequently reported as being caused by the bee 
moth (wax moth), but it is well known to experienced bee- 
keepers that these insects are unable to cause serious injury 
to strong colonies. In weak or dying colonies, where the bees 
are unable to care for and protect the comb, the moths 
deposit eggs in the hive and its contents are rapidly destroyed 
by their larva. Ants, to the contrary, can and frequently do 
destroy colonies, particularly in the South. Skunks and 
mice occasionally ruin colonies. 


TaBLE VI.—Honey production: Annual yields per colony. 


State. 18991 | 19091 | 1913 | 1914 | 1915 | 1916 | 1917 | 28¢5 


a nf 


Pounds.|Pounds.|Pounds.| Pounds.|Pounds.|Pounds.| Pounds.|Pounds. 


MAINO a8 tos a oisyateiak 18 15 38 30 36 52 35 38 
New Hampshire-.-.....-.. 16 14 27 30 48 38 38 36 
IMeLMON Ge 2254 Sec6 fcok 14 16 33 20 35 38 42 34 
Massachusetts.........-- 13 13 31 22 30 36 26 29 
Rhode Island .........-- 17 11 45 40 35 36 - 55 42 
Connecticut...........-- 11 15 35 28 26 33 37 32 
New Mork. 21.5.5... 18 20 37 22 59 65] 40 45 
New Jersey.......-.---- 12 15 40 12 31 66 25 35 
Pennsylvania........... 16 15 45 28 34 54 33 39 
Delaware............-.- 10 10 21 20 30 36 22 26 
Maryland..............- 11 13 40 25 22 46 30 33 
WATPInI A soe eee ss 12 13 38 35 47 32 33 37 
West Virginia........... 15 14 20 25 33 25 33 27 
North Carolina.......... 10 10 25 28 42 23 30 30 
South Carolina.......... 9 9 25 18 23 35 35 27 
Georgia ¥: basse) & bes. 9 ul 30 30 32 33 44 34 
Wlorda ee. eis. 2) 2X 17 19 50 42 65 85 86 66 
(O) TEC. SS a a ee 13 10 50 23 22 60 30 37 
Tridiana.2 422). 62 3he 32 14 8 60 25 26 62 49 44 
MIM OIS HS fees es A es 16 9 60 17 44 81 33 47 


11899 and 1909 deduced from United States Census Reports, 1913-1917, based on reports 
to Bureau of Crop Estimates from honey producers. ; 
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TaBLeE V1.—Honey production: Annual yields per colony—Continued. 


State. 


Mississippi.........-.-.- 
Louisiana..........--... 


YIELDS OF HONEY PER COLONY. 


1899 


1909 


1913 


1914 


years, 
1913-17. 


Dividing the total production of honey for the years 1899 
and 1909 by the numbers of colonies of bees at the beginning 
of the seasons of 1900 and 1910, respectively, using in both 
cases figures reported by the United States Census, we 
secure approximate yields for the two years of about 15 and 
16 pounds, respectively. But the yields thus deduced are 
The census enumerators have diffi- 
culty in securing figures for production in a previous year 
because many people have failed to keep records, or because 


much below the facts. 
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bees have changed hands and the new holders know nothing 
of their performance the past season. Only about half those 
reporting colonies of bees reported any honey production. 
The figures for the different States are shown in Table VI. 
The returns of the reporters of the Bureau of Crop Estimates 
indicate yields much higher, being for the five years, 1913 to 
1917, inclusive, 40.6, 32.2, 42.3, 52.8, and 40.3 pounds, 
respectively. The figures by States are shown in comparison 
with the census averages in Table VI. These figures, how- 
ever, represent to a considerable extent the production of the 
colonies belonging to the reporters, which would naturally 
be above the average, because the reporters are in the main 
producers of honey on a commercial scale, using modern 
methods and giving proper attention to the bees, with the 
natural result of increased yields. They represent also, in 
large proportion, beekeepers who are not farmers. The 
latter, usually handling bees as a side line, are able to give 
them attention only when their main occupations are not 
pressing. Unfortunately, general farm work is usually press- 
ing at the time when bees must have attention if good honey 
crops are to be secured. It will be seen by reference to 

Table VI that the highest yields, year by year, are secured 
in the Western States, including those of the Pacific coast, 
and especially California, the North Central group, particu- 
larly those of the northern tier, the Middle Atlantic group, 
Florida and Texas. The Southeastern States possess poten- 
tial resources for heavy honey production, but modern 
equipment and practices have yet to be generally introduced 


there. 
TaBLE VII.—Honey production. 
(Unites States Census.) 


Honey produced in year stated. 
State. 


Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 


Maine ite Shilo 2% 314, 685 155, 640 198, 499 260, 481 200, 080 112, 051 
New Hampshire.......- 125, 142 56, 944 87, 886 112,114 89, 260 65, 038 
Wiermonty <2 22h os 3. 302. 212, 150 142, 932 221, 729 379, 096 182, 278 160, 283 
Massachusetts........... 59, 125 25, 299 49,397 90, 929 109, 050 96, 802 
Rhode Island........... 5, 261 6, 290 8,397 13, 740 28, 450 14,221 
Connecticut............. 62, 730 32, 158 100, 378 130, 632 122, 960 145, 722 
NewayOrlcs sss. co! -o 2,369,751 | 896, 286-| 2,088, 845 | 4,281,964 | 3,422,497 | 3,191, 733 
New Jersey..............| 185,925 60,636.) 131,342] 160,310] 174,250] 152,072 
Pennsylvania..........- 1,402,128 | 796;989 | 1,415,093 | 2,453, 424 | 2,526, 202 | 1,840,360 


Delaware..............-- 66, 137 33, 151 76, 234 66, 468 101, 410 62,777 
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TaBLeE VII.—Honey production—Continued. 


Honey produced in year stated. 


State. 
1859 1869 1879 1889 1899 1909 
Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
Maryland..............- 193, 354 118, 938 283, 752 301, 157 306, 788 306, 367 
District of Columbia... . SION Ses Fs32232 1, 723 341 530 3, 657 
Virginin ee one 1,431,591 | 505,239 | 1,090,451 | 1,531,147 | 1,708,320 | 1,344,360 
West Virginia. ..........|..........- 376,997 | 833, 564 | 1,218,686 | 1,673,120 | 1,550,739 
North Carolina.........- 2,055, 969 | 1,404,040 | 1,591,590 | 2,373,560 | 2,477,800 | 1,809, 127 
South Carolina.......... 526, 077 194, 253 354, 350 856, 688 872, 590 653, 119 
Georgiacte see: 953,915 | 610,877 | 1,056,034 | 1,757,758 | 1,650,745 | 884,662 
Wloridar sss. ss te ON 2! 115, 520 50,884 | 211,943] 562,986] 677,540| 747,832 
Ohio. spe ASA ss 1,459,601 | 763,124 | 1,626,847 | 2,894,059 | 1,980,530 | 1,001,179 
Tridians fone eee ee 1, 224, 489 395, 278 967,581 | 2,106,817 | 1,681, 554 687, 097 
Mlinois: --Ssssee est 1,346, 803 | 1,547,178 | 1,310, 806 | 4,602,941 | 2,961,080 | 1,428, 640 
Michigan.............-.- 769, 282 ; 280,325 | 1,028,595 | 2,487,134 | 2,099,460 | 2,507,810 
Wisconsin..............- 207,294 | 299,341 | 813,806 | 3,515,761 | 2,677,100 | 2,153,819 
Minnesota........------- 34, 285 92,606 | 234,054 | 1,160,390} 986,446] 976,262 
Towa. VBE AL: 917,877 | 853,213 | 1,310,138 | 6,813,412 | 2,539, 784 | 2,374,080 
IMISSOUTD Soe ree ea eas 1,585,983 | 1,156, 444 721,080 | 4,492,178 | 3,018,929 | 2,105, 815 
North Dakota.........-. hh el 1110 16, 180 { 990 7,530 11, 084 
South Dakota. .........- 55, 833 49, 320 139, 714 
Nebraskaa............-- 5, 843 28,114 86, 645 746, 212 866, 200 527, 868 
IKeansasie a near 16, 944 110, 827 201, 034 890,913 | 1,187,569 609,785 
Kentucky-:..2:22.-2 4... 1, 768,692 | 1,171,500 | 1,500,565 | 2,310,615 | 2,681,720 | 1,558,670 
Tennessee........-.----- 1,519,390 | 1,039,550 | 2,130,689 | 2,284,155 | 2,404,550 | 1,468,123 
Alabama. .........-..--- 47, 233 320, 674 841,535 | 1,824, 286 | 1,930,410 891, 954 
Mississippi..........-..- 708, 237 199, 581 382, 560 822,673 | 1,048, 490 559, 012 
Louisiana ..........--.-. 255, 481 37,646 | 168,441 | 271,982] 426,490] 340,134 
MPOXaS ale he eee eeete 594, 273 275, 169 761, 225 | 3, 286,386 | 4, 780,204 | 3,093,097 
Okishoma: S282 eee a ocr san oe ereeee see eect wemeae a 2,800 ; 2 172,640 140, 234 
Arkansas so.5 0255250025: 806, 327 276,824 | 1,012,721 | 1,111,246 | 1,405,320 913, 515 
MIG ETA oe Baan oasoauba lboscescadad Secconscuad Iscosaqcenad 20 19, 940 163, 510 
WYOMING. ccc scesee esse see see cs|sise cesses] comere cece 350 19, 220 138, 924 
Colorado). =) eee 5 seein ose ae Bowe o somene 8,340 390,906 | 1,732,630 | 2,306,492 
New MGxiCO:o:=2 3) aber gee |! kts 450 21,470 | 139,998} 439,528 
VAI ZOT Oe = ee oo seit eel] Meee aah AN | Case SR 650 | 126,124 | 930,420 | 1,025, 282 
With es: Rees seine 3 vee ie. ihe 575 87,331 479,158 | 1,292,118 | 1,138,091 
Novada2hossh es os Ska ses S248 363 24, 296 88, 557 178, 650 354, 905 
Vd ahlowtereemee see c tele etee sistas] sccnieme eects 50 37, 146 379,450 | 1,011, 068 
Washington............- 5, 256 25, 636 20, 005 156, 435 530 790 503, 580 
Oregons. 2: ce. c=- soa< == 821 66, 858 122, 348 435, 028 979, 140 839, 981 
California ¢ --4 2/2)... 2.62 12, 276 294, 326 574,029 | 3,929,889 | 3,667, 738 |10, 264, 715 


United States..... 23, 366,357 |14, 702, 15 |25, 743, 208 63, 897,327 |61, 099, 290 |54, $14, 890 


1 Dakota, before division. 2 Includes Indian Territory. 
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TOTAL PRODUCTION OF HONEY, BY DECADES, SINCE 1859. 


According to thecensus figures the production of honey in 
the year 1859, the first in which this inquiry was made, 
was in round figures 23,000,000 pounds, a very respectable 
figure compared with the later reports, but unfair in com- 
parison with the figures of recent decades, because of the 
great increase in the relative number of commercial pro- 
_ ducers whose crops do not figure in the census returns. 
In the year 1869 the production was reduced to about 
15,000,000 pounds, due no doubt in large part to the general 
disorganization and loss incident to the Civil War. The 
year 1879 saw a recovery to 26,000,000 and the record for 
1889 was the highest of any year reported by the census, 
almost 64,000,000 pounds. For 1889, 61,000,000 pounds 
were reported and for 1909 only 55,000,000. The latter was 
a year of poor honey production in the Central and Southern 
States. 

The most striking feature of the figures, given by States 
in Table VII, is the increase in honey production in the 
Western States and particularly in California, an increase 
entirely out of proportion to the development of the West 
in general lines of agriculture, and so great that the Rocky 
Mountain and Pacific Coast States are shown by the last 
census, which, however, covered a favorable honey year in 
the West and a poor one in the Central and Southern States, 
to have produced substantially one-third of the total honey 
crop of the United States, California alone producing almost 
one-fifth. 

In the greatest of the honey years recorded by the census, 
1889, the figures for some States are quite astonishing from 
the standards of other years, New York producing over 
4,000,000, Illinois and Missouri between 4,000,000 and 
5,000,000, and Iowa almost 7,000,000 pounds, this being 
for New York a third more, for Illinois and Missouri in 
excess of a half more, and for lowa more than double, the 
crop of any other year reported. 

36993°—18—Bull, 685——4 
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Taste VIII.—Honey: Form in which produced. 


Form produced. 


State. Comb in sections. Extracted. Bulk com qe 
1914 | 1915 | 1916 | 1917 | 1914 | 1915 | 1916} 1917 | 1914 | 1915 | 1916 |1917 
P.ct.\P.ct.|P.ct.\P.ct.|P.ct.\P.ct.\P.ct.|\P.ct.\P.ct.|\P.ct.|P.ct.|P.ct. 
Maine rasan Nace asa): 80} 80} 75} 81] 15) 17] 15] 11 5 3{ 10 8 
New Hampshire...-....-.-]...-- 85 | 90} 90 jL-s-- 15 Sale LOW eeeee 0 5 0 
Wermon tes eames aos 66} 90] 80) 82] 28 8} 14) 15 2 6 3 
Massachusetts......--.----- 67} 87] 71) 61] 382] 13] 24] 34 1 0 5 5 
Rhode Island.............- Bi PU Neseee LOH 95u | SO) |oeace 85 0 O3/beeae 5 
Gonnecticutsas-p eee 48) 61] 55] 65] 47.) 29] 40] 33 5| 10 5 2 
New Worke soe ase e ce 47} 61] 58) 54] 50] 39] 40] 45 3 0 2 1 
New Jersey .-.---.--------- PAs els 42) 41 |. 75) |2..-- 57 | 59 0 0 1 0 
Pennsylvania.......--.-.-- 65} 60] 64) 44] 29] 30] 29] 650 6} 10 7 6 
Delaware s--escc esis ee | sees 60 |.---- 63))|/)2ee6 AiO) Bees iS ee ass 103|-2ee= 19 
Manylanditc ceo eecs ae 69} 85] 70} 70| 22) 10} 20] 25 9 5 | 10 5 
Virginia SHES SCE LCr Se aaene 87 | 75) 57] 72) 12) 13) 23 8 1| 12] 20} 20 
WIGS Vanegas ees 62 eres ea BS aga oee ieee 4 | ete eee 43) 23 
North Carolina.....-..-.---|....- 34] 32] 39]-.-.-. TA a PAL Sse 49) 48} 40 
South Carolina..........--.]....- 40 RG. BY) eces= 30) eae 40 |...-- P 30h}. se 30 
Georgia.....----.--- cisogos4 P43) eae 14}. 23) .33)).-.2: 45 | 46] 39 ]...-- 41} 31 
loridaseas 54.222 e -F--14 5- wl ese 9} 10] 88]..-... 89} 89 ee ee 2 Ht 
ONIONS sae sae Soe 66} 65] 59] 64] 32) 32] 36] 35 2 3 5 1 
Enidiana sess Cae eases 52} 64{ 53] 57] 36] 21] 34] 37) 12] 15] 138 6 
Tilin oises4 7s Jose ew Gass 42} 34] 57] 51] 56] 65] 39] 46 2 1 4 3 
Michiganee assure sean 56 | 54] 56]; 38| 43) 46] 44] 60 1 0 0 2 
WaSGOnSIN= 222222421442 -)- 28 41} 43] 39] 35] 58] 57] 59] 638 1 0 2 2 
Minnesotaeese sere see sca 36 | 50} 47] 38]. 63] 45] 52] 61 1 5 1 1 
LOWS Raesce nese scsseca ee 56] 58] 52] 49] 42] 40] 45] 48 2 2 3 3 
Missouriios eee eae a 32 | 34] 40] 47] 38] 37] 30); 386; 380); 29] 30 17 
North PD 2kotaseeeeess=ncace| sos eetsesoe SOT Ee | eve el cee DOL pense BAe ose Olea 
South Dakotalwe-ss--2 202 “| 62) 57} 40} 22) 30). 36) 55 1 8 uf 
Nebraskateeics 2 Sones 43 | 36] 68] 64} 42] 63] 30] 35] 15 1 2 1 
eamsa suns Saja acini eee ial 67 | 65| 60] 61] 28] 25| 23) 30 OH) eLOu nelig 
Kentuckyesss ese se nee AQy Renae 38 all iSon|eeeee BOM satel Shi eee 26) melo. 
Tennesseeyecis(--\o2)=2\fseane =< 31] 22] 28) 36] 23] 28] 27] 27) 46) 50) 45) 37 
Alaibamia anne sei e aeiaelet 34] 32] 25]; 18] 41 AD Voz) Ozone 2onleeeon| me2O 
Mississippi...........------ 2) 40'|) 46) 26} Te) | PYRE) Pe 40 | 22 
WOWISIAN a Meese eso se ee oe see aes TSP sis eek ee 40) 85) Vos. secon. 49 | 50 
DOXOG Heart tereiiatala Siesta 4 1 7 9} 51] 52) 55] 69} 45] 47] 38) 22 
Oklahoma ves se aes 36 | 37] 42] 28] 17] 15] 18] 23) 47] 48] 40) 49 
IATICANSAS Bosse ceeimeee PES NW eiedoe 410 GON aLo nesses Soe 1st “6032 22e2 51 | 47 
Montane sy eur aici TOM 63s || BOs DAMIR ABS Se 3 2 4 
Wyomingosss see eae 92)i||- O71 weerza | 46H) Sle iS | Os modal Onn Galena, 
Coloradossese se eeeeees cee 67 | 70| 63} 62] 30| 30| 31] 37 3 6 6 1 
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Taste VIIl.—Honey: Form in which produced—Continued. 


Form produced. 


Bulk comb, or 
Extracted. hunk .” 


State. Comb in sections. “6G 


1914 | 1915 | 1916 | 1917 | 1914 | 1915 | 1916 | 1917 | 1914 | 1915 | 1916 }1917 


P.ct.\P.ct.|P.ct.|\P.ct.\P.ct.\P.ct.\P.ct.|P.ct..P.ct.|P.ct.|P.ct.\P.ct. 


New Mexico!:.. 2222.22.22. Ball eas 42} 35] 61]--.-.. 40| 47 Hl Basar 18} 18 
ATEUATS AF ORE is ee ey 6} 10 0 5} 94! 90] 100} 95 0 0 0 0 
Witte’ Se eee ee eto |: see 105) 833|) 85s toa222 90 0 Onl aeeee 0 
IME oe aes Se ae eel ee eee SOR p20) | 22-8) see WOM 80! | S22 eee 0 0 
Tdaho Pee ee TS 47| 60] 39) 40} 51} 37] 58] 60 2 3 3 0 
WiWashinefonissy $344.05 15.02 46 | 32| 37] 25| 54] 68) 59) 72 0 0 4 3 
Ores one geass sso sna e- he 64} 48 |...-- 60 |. 34] 52 |...-- 31 2 One 9 
Calitormin ce: 2/055 - 2-52-62 LS 17] Lieto 29) | SO24) 28l 82 3 1 2 3 

United States......-.. |41.7 |40.0 |38.1 a. 9 a 41.0 |43.8 |48.4 Hs-2 1.0 18.1 /13. 7 


FORM OF HONEY PRODUCED. 


Honey is produced in three principal forms: First, comb- 
honey in 1-pound sections, as commonly retailed; second, 
extracted or liquid honey, ordinarily removed from the comb 
by means of a centrifugal machine, although sometimes by 
crushing the comb and draining, or by pressing it, although 
this last procedure is likely to produce an inferior product; 
third, “bulk” or “chunk” honey, the comb honey more or 
less broken and mixed with the liquid honey. A pleasing 
form of ‘‘chunk” honey is that prepared in large quantities 
in Texas and some other States, choice comb being cut from 
the frames, packed in tin pails or glass jars and the remaining 
space in the container filled with extracted honey from the 
same source. 

According to the reports to the bureau, which are shown in 
detail by States and for the four years, 1914 to 1917, inclusive, 
in Table VIII, the proportion of comb and “chunk” honey 
shows a tendency to decrease, and of extracted to increase, 
the change from “chunk” and to extracted being par- 
ticularly noticeable in 1917, reflecting an endeavor on the 
part of the producers to increase the production of honey in 
view of the threatened sugar shortage. Bees are ordinarily 
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able to produce a larger quantity of honey if they are not 
compelled to build comb for it, and by emptying the combs 
and replacing them in the hive, the bee is able in periods 
of heavy nectar secretion to proceed immediately to the 
storage of more honey. 

By reference to Table VIII it will be seen that the greater 
proportion of section comb honey is produced in the North 
Atlantic, the North Central and a few Western States, 
practically all of the “bulk” or “chunk” honey in the 
Southeastern and South Central States, and the larger pro- 
portion of the extracted or liquid form in the North Central 
and Western States. The comb honey is most in demand for 
the home and fancy trade and for seasonal consumption, much 
the greater proportion being consumed within the first six 
months after its production, the extracted as a staple product, 
being stored and handled throughout the year and entering into 
interstate and foreign commerce, and the “‘bulk”’ or ‘‘chunk”’ 
honey for home consumption, finding only a limited and local 
market. The present year shows a decided drift in the- 
Southern States away from the production of ‘‘chunk” honey 
and toward comb in sections, being a transition stage accom- 
panying the gradual introduction of improved methods 
in the States where ‘‘bulk”’ honey has hitherto been a, if not 
the, principal form. 

It should be borne in mind that in the Southeastern 
States the less progressive elements of the industry, which 
are more largely devoted to the production of ‘ chunk” 
honey, are but lightly represented in these returns and that 
the production of that form is probably in much larger 
relative proportion than here shown, while comb-honey is 
overstated, both in these States and in some of heavy com- 
mercial production, such as California, where the extracted 
forms a larger proportion than indicated. 
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Taste I[X.—Honey: Color. 


29 


White Light amber. Amber. 
State. 3 q | 
. |S -| a Sle! 
as Bie Bales 
ere, be Sl ante Sale 
Sjalalel(sSljealalaels|alalea 
P:c.|P.c.|P.c.|P.c.|P.c.|P.c.|P.c.|P.c:|P.c.|P.c.| P.c.|P.c. 
MeN Gate eccs ss tes 49° 7 4 60) 18) 2) 2) 17) lo} 6) 6} C2 
New Hampshire....} 56)....}.-..| 56) 24)....)...- 24) 16)..--|----| 16 
Wenmont=ss---- =: -= OS MGs 3} 68) Sal dese 20 Sle ole aoe 8 
Massachusetts....-.-. PA 2 a 17) ie Th DB) 19) Gl 2h) 387 
Rhode Island....... Use el eS! arr Be 15}. 15| eS oe o== 
Connecticut........- Les) 18) easiertoleees |: 241-7 19) 18/2) 239 
Ne WaMOEKc.-soccccs S2ieaai. Lo 56) Maa} aie Loye Sha Gt Ses 9 
New Jersey. ..------ 1G|) 10) 5ae2 | 261 weaier2e|sess\ SOV eno) sates 30) 
Pennsylvania.....-.- TSP P16") 2) 36) aes Tt dip OleLOli celle: la 
Delaware 4 2-22-.-2 2010) Zh 87) O20 ie 2110)" 2]. - 12 
Maryland 242 2%. ou. 16] 8j-.--| 24) 14) 13] 4) 31) 14] 12) 1} 27 
Wateimiqes: s:2.250.22 2h ioail! 7| 40| 19) 4) 4| 27; 10) 3) 5 18 
West Virginia.-....-. 36; 3) 8 47; 14).--. 2 16h isle y 2 aie 22 
North Carolina... ... UE eee cki yh 28) ol LOPaasie Sera eer Lo 
South Carolina. .....|....|.... 9) 9} 14) 8. 22} 10) 32).-..| 42 
GeOreigg es ss see sl2: Seeeo Li) Se a0 alee selene Lo cai Lo 
Wloridae.2222 22.2522 Dieta 20), me AOlee ee AT Ol 20) A 23 
Hig se ees oe Ss 43) 21)----| 64) 11) 9}..-.} 20 The 8} isi] 
Trdianayes= 2-4. 22h. 2 SO 18). 1) 49 7 ee Sle S2h er Slee 6) a} 15) 
THINGS 52 5)5 525 5.2 21) 10} -1j- 32) 15) 23} 1) 39) 10) 13] 1| 24 
Michigan............ oly o2| eee a SwROl Che cae: ol ew voleses 6 
Wisconsin’: . 2 2-<:2>. 30! 50}-- oH Si AG Llp A Ter 2 OL 4. 
Minnesota. .......-.- 28h oon ll) Gal! sete ISieee [0 ivieee S| t aeceet 10 
NOW Hose esate snc s2e Sol rset |) GSO a eee neat ey al event medi 
MFISSOUTIS 95225252 12 1 2 “| 16) 9} 11) 36) 8 25) 3) 36 
North Dakota.......|.... 12S 21 VSS (ee | oieeee be ool ees] een seest) ea 
South Dakota....... 27) 35) 2| 64! 10) 181 1} 29) 2 2 1 
Nebraska........... 2814 ose) 4220 See 28h Fo 7) 2) 20 
GRCT. Eee 32| 10) 2) 44: 11) 13) 2) 26) 11] 5 1) 17 
Kentucky........... 15] 28] 6; 49) 11) 14; 4) 29) 13) 1) 3] 17 
Tennessee........... Siescs} 18) 268) 10) 7 25) 10) 17) 11) 38 
Alabama. usesisf22 22 ah, 13) 4) SDAA ee 231 ee Siero 221 5191-° 6) Dale 
Mississippi.........- 20| 6} 14] 40] 11) 20; 6] 37] 9] 4) 41) 14 
Louisiana........... OW 7). 82 24 ees Tor slieeotn (S| Si Si) 16 
Pexasece se2 a) oh ok PAN epi all PIE) BEN er AP Say Aa 
Oklahoma. ......... af ell LON TSI SLO eta SO ogee yz | itl) = Gl) oO 
PAT KANISAgHE os. 11 6} 5): 18] 29) 23) 9 16] 48) 4 3) 6 13 
Montana............ 46] 16) - 1] 63) “14; 1Oje:-.| 24) 5) 3i2.22) 8 
Wyoming........... 46] 54)... 100 Bea so eee eee onions seco osal sake 
Colorado. .....5.::.. 351 19' tl 55! 20! 15). 30! 65! Sl. . 8 


Form and color. 


Dark. 

8 
3|s 
a 

g|fl2ig 
olkx¥isa/s6 
O}A]A le 
PC VEZC:EAC\P-c. 
Sere ele De 
eee lene 4 
Bi ei SS ee eG 
16) 4) aor 
33] 5) 38 

J6le ys |e= 24 
12 Soiree 23 
Be Oya | 1s 
17; 21; 2) 40 
13} 6} 12) 30 
13} B}----| 18 
1 | ee jane: and a} 
tt] ee 6} 15 
9) 11) 6 26 
Heesat Ah ex 
4; 19) 10} 33 
eee ti saaal | maki 
Bf Se all abs 
2 i 1 4 
Bie ales 5 
MP 3 
1 ieee 2 
Sls ealcesc|2- 6 
ead Peale ae} 
11 1 1) 13 
ee oe 4 4 
We cent sired Ie PY 
Al Gleae-|) 10 
Til ey ae a8? 
feet | erie eer 
MU cise iit 
Parl Neal | ee ia) 
Gleaner 9. 
Di By Bay ae 
1 5}. - 6 
A eoly ala LO. 
PAVion vial hstesty) bes (0) 
Qhorotes 5 
Deseslyes 2 
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Taste IX.—Honey: Color—Continued. 


Form and color. 


White. Light amber. Amber. Dark. 
State. 4 1 : : 
3|s male 3|3 ae 
8 |5 ae Sai |. (Sls 
St Peele lees MOS) NSS) | ele tees is a 
PIES SIRES SIR IS ISIE le lale 
Slalalaldi/alalelds|jselialaeldsialala 
P.c.|P.c.|P.c.|P..c:|P..c.|P.c.|P.c.|P..c.| P..c.|P..c.|P.c.|P..c.| P.c.| P..c.|P..c.|P..c 
New Mexico......--| 13} 13} 8 34) 98] 15) 8 31 SH Tigi PbS a ale 23 8 
HAI ZONA Ae aay be ee £3) tb 2: ES ave 8) Lee eee rye Se esd | ian ay 072d [a tb TED en I ee ee 
(Witenes 8 2) Wali 9} 75). 84, 1} 15).. 10] ys) eesete| tests agers) Paes eee) ies 
Nevadanicaecse beets 16} 75 SH a Giese G2 eal So Dliie del ee 1 
Td aho wee ee 31} 42 73| 6) 18 DAN a 2S ateaS |S Dhaene Ua re teases 1 
Washington........- 14) 37 DL 25) ios) see Sila oles 2 2 
Oregons se eee AD Ww tly SI SGlpy (G|ha2Ol srs MMeeOl en Oty ALU Gl) leit | ict eceed | ea 2 
California. ....-....- 9| 36) 2) 47) 4 38 1) 43 LG ul 7 VW ieee 3 
= United States.|19. 019.3 4.5)42.8) 9. qe 7| 4.4)29.5) 5.0) 9.2) 2. ln 1) 4.5) 4.2) 1. 9/10. 6 


COLOR OF HONEY. 


An inquiry on November 1, 1917, concerning the per cent 
of surplus honey produced according to color, shows for the 
United States 42.8 per cent of white honey, 29.5 per cent of 
light amber, 17.1 per cent of amber, and 10.6 per cent of 
dark. The details by States are shown in Table IX. The 
figures of the total per cent of each color, are more accurate 
than those showing color in detail according to the form of 
honey produced. 


TaBLE X.—Honey: Disposition of crops. 


Usual disposition. 


State. Used at home. Sold to outside markets. 


1915 1916 1917 1915 1916 1917 


Per cent.| Per cent.| Per cent.| Percent.) Per cent.|Per cent. 


Maine yeaa Ny op. SRO 75 94 97 25 6 3 
Newsbampshirese = se. 22 sees elb eee - cee 83 UC aA Se 17 23 
Vermontie: pees aes sae eee 5 78 74 95 22 26 
Massachusetts....-...---2----- 94 92 84 6 8 16 
Rhode sland ete see ase eee 100 100 tS Bers oneerneneeesaes Z 
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TABLE X.—Honey: Disposition of crops—Continued. 


Usual disposition. 


State. Used at home. Sold to outside markets. 
1915 1916 | 1917 | 1915 1916 1917 


Per cent.| Per cent.| Per cent. | Per cent. |Per cent. |Per cent. 


Connechirutis:?. 2222225222 83 75 86 17 25 14 
INE WAiOn Keyes otk CAC So oo) 8 so 45 58 67 55 42 33 
ING WHCTSOV ria) meee wie aici io n' 96 53 81 4 47 19 
Pennsylvania . 4 22 shh 258.022 75 77 76 25 23 24 
MelawWaTrcssesss 3 Ooch S-calsea= - 2k ae 80 5) |bueasetes- 20 15 
Marnvilandiyy eh ys .nes eee 80 67 78 20 33 22 
Wilpers thas Se eg ee een te 75 80 88 25 20 12 
WGSEANSIFEIDIA aos conc te es calecicnn sco ce 90 QO eke eeeo 10 10 
Worth’ Carolia: 2222222. 222 4... 51 69 98 49 31 2 
South Carolina................ 98 97 75 2 3 25 
Geonciaee better oe. shee 75 78 77 25 22 23 
Wlorigdaeee ee see Ok. 42 60 62 58 40 38 
OUIOM NEE Ss cantar sels saccinase > 75 83 82 25 17 18 
Tr dianiaes ee 5.52 f25. dowcien he 97 91 94 3 9 6 
HT GI SE oe ee ec wna 59 63 80 41 37 20 
Michieaneee ene he me eso 3 54 65 68 46 35 32 
RVISCOUSEM aren ene = cacce ee Mae 58 68 68 42 32 32 
IMEMIMIOSOb Ace sete e oe - 55 72 78 45 28 22 
Wea ee ie oe epaickioeete sical oieie 65 70 87 35 30 13 
INSSOUEI Sse ert ys os ee ice 95 82 96 5 18 4 
NorthiDakota erases olin |ade ss Bee: 100 LOO! | Seas esa) Set eeseeee eee tones c 
SUG) EF He DE 9 <a): 85 86 86 15 14 14 
INGI GTS a Se ee ee a 64 85 85 36 13 15 
SECESSION 99 84 90 1 16 10 
ERGO KW ON net ooo occ 2 =: 33 57 68 67 43 32 
LNGTSEEEG Ty a ae eae 88 82 90 12 18 10 
PAterfrgrnieiee ee ee eA eh 55 55 my 45 45 48 
MASSISSI PPE Ae jen oe ke Sescee! 71 87 66 29 13 34 
OMISIATIAe ee see oe a 35 56 70 65 44 30 
FRERAS Cpe yas LEN Wier ND Ay 35 55 68 65 45 32 
Oblahonigese soe 99 91 91 1 9 9 
PAT RARTISAG See Osseo Ne 2 92 90 93 10 7 
NOIDA sey ee ay IES 67 68 67 33 32 33 
BVVAVOTNET Bee eared Pyne cane lin 6 75 42 94 25 58 
(Ct) @rENE I SeFe a R 23 35 45 77 65 55 
News Mexicons.1 tos ee 20: 42 53 41 58 47 59 
J NAVAS ye en A Sees 36 52 31 64 48 69 
TRI ae a ee 32 57 43 68 43, 57 
DATES ANG A SEI 2 ee ni rae 10 Ban | secede 90 67 
LGR UNG). se a VR ee egal Sa 23 52 34 77 48 66 
WrashimetOne sc .552 sesh o<o. oe 54 40 68 46 60 32 
reponse screen oon 92 77 56 8 23 44 
Walilonniaer ssa ee i Le 13 14 23 87 86 7 

United States........... 60. 8 64.0 71.1 39.2 36.0 28.9 
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MARKET. 


The proportion of the crop consumed at home or sold 
locally and that shipped to outside markets, not necessarily 
wholesale, is shown in Table X for the three years 1915, 
1916, and 1917. It may be observed that 39.2 per cent 
was shipped to outside markets in 1915, 36.0 per cent in 
1916, and but 28.9 per cent in 1917, the decreasing per- 
centage released for the general market in 1917 being due 
partly to a moderate crop, which, even if the home con- 
sumption remained the same, would require a larger per- 
centage of the crop, and partly to the shortage in the sugar 
supply, which created a keener home demand for honey. 
The smaller percentage of the smaller 1917 crop sent to out- 
side markets, if contrasted with the larger percentage re- 
tained of the larger crop of 1916, indicates only about 60 
per cent as much honey disposed of through the main trade 
channels. 


Taste XI.—Value of exports of domestic honey from the United States, 
1911-1917. % 


( 


Fiscal year ending June 30— 


Country of destination. eee 
1911 1912 1913 1914 1915 1916 1917 | ending 
1917 
Europe Dollars. |Dollars, |Dollars. |Dollars. |Dollars, |Dollars. |Dollars, | Dollars. 
Menmark2e) SNssssaals. see aPoosec eels cle wee Be ici 14,375 | 8,854 | 10,615 | 75,525 
IDCs eagonebase aes meee 189 | 3,326 { 8,090] 2,114 868 | 20,678 |...-.--- 
Germany........-.-.| 38, 769 |134,175 |107,069 | 75,233 | 10,200 |..-.....]........|.---.--- 
IHL GeceacoooDbedoallsascatee PP Baoaaaee 173 | 2,378 |........ 13, 483 | 500, 354 
Netherlands... 5,232 | 12,835 | 3,030 | 11,398 | 6,991 | 11,122 | 2,000 }........ 
INO AEN SenBeTOne onda bosouoan besoacdal beccuecs) Hoss sosd) Gooscaeulsoossoos 4,600 |.......- 
Sweden ices secssafeeisiseaicis | ictacineacl eer cies a | <eratsolsion| eesieteste lobisle.cetets 8,300 |........ 
United Kingdom: 
England.......... 8,267 | 27,573 | 16,369 | 3,989 | 51,718 |123, 931 |596, 626 | 625, 037 


North America: Canada.| 20,275 | 23,666 | 43,276 | 27,384 | 14,930 | 38,898 | 53,614 | 36,589 
Oceania, Philippine Is- 

lands see eee 2,838 | 3,519 | 1,701} 2,495 | 2,149] 2,635] 2,575] 2,437 
IAI Nothers eee cece sues sass 6,268 | 10,474} 7,472 | 6,927] 9,188 | 66,679 | 23,648 | 14,945 


Motalereseestessien 81,649 |212, 652 |182, 252 |135, 689 |114, 038 |252, 487 |736, 139 |1,254,887 
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Taste XII.—Honey: Imports into United States, fiscal years ending June 
30, 1911-1917. 


1918, 6 
; months 
Country of origin. 1911 1912 1913 1914 1915 1916 1917 ae 
ec. 
1917. 

VALUES. 
Insular possessions: ‘Dollars. |Dollars. |Dollars. |Dollars. |Dollars. |Dollars. |Dollars. |Dollars. 
Hawaii....-........- 52,004 | 35,973 | 57,450 | 33,992 | 35,536 | 53,163 | 62,462 | 104,946 
Porto Rico......--.- 17,904 | 42,251 | 59,721 | 90,976 | 94,895 | 82,272 |103,388 | 219, 843 


Total value of 
shipments to 
United States of 
honey frominsu- - 
lar possessions..| 69,908 | 78,224 |117,171 |124,968 |130, 431 |135,435 |165, 850 | 324, 789 


Foreign countries: 
IMexiConeaee shee a a.ar4 28, 420 | 20,100 | 27, 702 | 20,443 | 42,466 | 10,900 | 10,986 | 11,385 
(C1 AROS RSoee aoe 26, 462 | 30,225 | 30,720 | 6,880 } 61,334 | 67,959 |198, 939 70,374 
Dominican Republic 272 | 4,162 | 2,156] 2,980 | 14,566 | 7,476 | 40,182 | 119,159 
13 (ip bese ese wees 4,614 | 5,832] 2,457] 1,456] 2,387] 2,413 | 20,443 | 15,262 
Allothers.:.:.-..--24.<: 3,174 | 2,365 5,682] 6,906] 4,090} 8,713 | 18,767 | 39,773 


Total value of im- 
ports of foreign 
honeyinto 
United States...| 62,942 | 62,684 | 68,717 | 38,665 |124, 843 | 97,461 |289,317 | 255,953 


Total value of honey 
from insular posses- 
sions and foreign 

140,908 |185, 888 |163, 633 |255, 274 |232, 806 |455, 167 | 580, 742 


SSS eee eS eS SS eS 


QUANTITIES. 

Foreign countries: Gallons.|Gallons.|Gallons.|Galions.|Gallons.|Gallons.|Gallons.|Gallons. 
Mexico. .......-....- 48,171 | 34,051 | 46,028 | 43,227 | 92,876 | 29,002 | 22,462 | 16,816 
Cuber eee. et 50,131 | 54,226 | 56,899 | 15,094 |164, 042 |152,971 |296,983 | 56, 788 
Dominican Republic] 634] 8,528] 4,638 | 5,304 | 33,571 | 18,585 | 61,156 | 103, 937 
Ratti eee LLL 10,812 | 16,261 | 4,384 | 2,453] 7,309] 5,067 | 26,266] 15,951 

AMV othorackce es, bedi. 3 2,805 | 1,974] 4,322] 9,001] 6,167 | 15,599 | 20,783 | 33,600 

Total quantities of 
foreign honey 
imported.......- 112, 653 |115,040 |116,271 | 75,079 |303, 965 |221, 224 | 427, 650| 227,092 
Average value per gal- ; 
Joneses cts cents.. 55.9 54.5 59.1 61.5 41.1 44,1 67.7 112.7 


EXPORTS AND IMPORTS. 


In Table XI is shown the exports of domestic honey from 
the United States for the past seven fiscal years, ending June 
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30, 1917, representing in the main in each case the movement 
of the crop of the preceding year. Unfortunately, the quan- 
tities have not been reported in the trade statistics until the 
present year. That shipped abroad is almost all extracted 
honey (some comb honey going to Canada). The price for 
extracted honey of good quality, such as comprises most of 
this country’s exports, ranged in the neighborhood of 9 cents 
per pound until the fiscal years 1915 and 1916, when it fell to 
as low as 7 cents. In 1917 it rebounded to the previous 
figures and above, and this fiscal year (1918) it has reached 
to above 15 cents per pound. Some impression may be 
gained from these figures of the quantity of honey exported, 
ranging probably from one to two million pounds annually 
up to 1915, between three and four millions in 1916, and six 
and seven millions in 1917. For the first half of 1918 they 
are reported at almost eight million pounds. Prior to the 
outbreak of the great war more than half of the exports were 
regularly consigned to Germany. In 1914 these exports fell 
off somewhat, and in 1915, after small shipments, they ceased. 
In 1915 a very great increase occurred in the shipments to 
England, and in 1916 they doubled the large shipments of 
1915, while for the year ending June 30, 1917, they probably 
treble the shipments of 1916. Six months of the fiscal year 
1918 show shipment values compared with all of 1917 slightly 
greater for England, and almost fourfold greater to France, 
while the formerly insignificant shipments to Italy have 
leaped to a value of over half a million dollars. 

The imports of foreign honey into the United States, aggre- 
gating prior to the war something over 100,000 gallons an- 
nually, principally from Mexico, Cuba, and other West Indian 
and Central American countries, are shown in Table XII for 
the years 1911 to 1917, including both values and quantities. 
Mexico was our principal source of supply until 1914, with 
Cuba a close second, but in 1915, while the Mexican supply 
increased somewhat, the Cuban supply, having its European 
outlet closed, more than doubled any previous year. In 1916 
the Mexican shipments fell off very markedly, while those 
from Cuba and other countries to the south continued, to in- 
crease, and in 1917 they further increased to a total of 427,650 
gallons, almost double that of any previous year except 1915, 
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the year in which the war first diverted shipments to our 
shores. These imports reached 227,092 gallons during the 
first half of 1918, indicating a probable further material 
increase in the total this year. This imported honey is 
largely amber and dark types, used hitherto mostly for 
baking purposes, and usually competes only with similar 
grades of home-grown honeys. Most of the imports are to 
New York. 

Honey is also imported into the United States from the 
island possessions of Hawaii and Porto Rico. The Hawaiian 
imports are partly of a first-class honey, derived from the 
Algaroba, a leguminous shrub tree similar to the mesquite of 
the Southwest, and partly from honeydew, and have ranged 
in value from about $35,000 to $60,000. For the first six 
months of 1918 (to Dec. 31, 1917) the value increased by 
two-thirds over the total for 1917, representing the receipt of 
1,445,000 pounds of honey. Those of Porto Rico, principally 
from the guava and guama, both leguminous trees, and of 
fair quality, have mounted rapidly from a value of $17,904 
in 1911, the first year of substantial shipments, to $103,388 
in 1917. The value has already reached $219,843 for the 
first half of 1918, representing almost 2,000,000 pounds of 
honey. 

SUPPLY AND PRICES. 

The conditions obtaining years ago in connection with 
honey production tended to the handling of honey rather 
on the basis of a seasonal product than as a staple food for 
use throughout the year. 

The bulk of the honey was produced by farmers as a side 
line, the bees being given little attention and the honey 
being produced at relatively little expense. The crop was 
marketed at low prices in the autumn, and stocks were usually 
exhausted by the late winter. There was little demand and 
practically no supply during the spring and early summer. 

Honey is now handled in a large way as‘a staple food 
product, and this has been in part brought about and the 
industry is being now largely shaped, through the influence 
of commercial beekeeping, the production of honey as a 
principal occupation, which calling, while exceedingly 
ancient, has had a rapid and interesting development during 
recent years. The fact that bee diseases drive out of 
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business the untrained and indifferent beekeeper, who is 
unable to successfully combat them, opens the field to the 
man capable of overcoming them, who is usually also a 
deeper student of the entire subject of bees and of their care 
and protection, better informed on sources of nectar, dates 
of flow, etc., and is therefore able to handle the bees with a 
view to maximum honey production. But as honey becomes 
a main crop, and its sale the main source of income, closer 
attention is drawn to cost of production. Modern equip- 
ment must be purchased and the product prepared in an 
attractive manner. The commercial producer is not able 
to sell his product for less than the actual expense of pro- 
duction and continue in the business, as is the practice with 
many who produce honey in a desultory way. 

The present exceptional demand, due to the shortage of 
sugar arising from war conditions, has raised the price of 
honey to a figure unheard of during the present generation 
and may be expected to result in some increase in bee- 
keeping, although the general high range of prices, which — 
affects all products that the honey producer himself must 
purchase, to a considerable extent offsets this increase in the 
price of his own product. 

If the importance of honey as a food, particularly valuable 
to children and to those with delicate digestions in lieu of 
the less readily digestible sugars, candies, and confections, 
and its high merit for use in preparing savory cakes and 
other foods, as well as in giving palatability to humble 
articles of fare, should be properly realized and a demand 
established at permanently adequate prices, a very great 
increase in the country’s supply of this delicious food product 
might be realized through the inducement thus afforded to 
competent persons to engage in honey production on a 
commercial scale. 

The usual prices received by producers at their local 
markets in the month of September, being the rate for small 
wholesale lots and includimg many retail quotations, as 
reported to the Bureau of Crop Estimates by a list of local 
dealers, are shown in Table XIII, and are fairly representa- 
tive of the average range of prices shown by the reports for 
other months of the year. The small effect upon these 
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prices of the varying production of honey in different years 
is noteworthy, as is the sudden increase in the present year, 
which had its beginning in the latter part of 1916. In con- 
nection with these, wholesale figures are also shown, being 
those quoted by the special list of honey producers, of prices 
received in 1917 for honey in quantities of 1 ton or over, the 
extracted in barrels or 5-gallon tin cans and comb in cases of 
twenty-four 1-pound sections. These last figures probably 
contain some quotations for quantities of less than 1 ton, 
but are believed to fairly represent the strictly wholesale 
prices for delivery at local shipping points. The narrow 
margin between the former figures, which verge closely 
upon the average price when sold by producers at retail, 
and the wholesale price, is striking, reflecting the slowness 
with which most honey producers, disposing of and often 
retailing their products in local communities, take note of 
the prevailing wholesale prices in the main markets, many 
still adhering to their traditional retail figure when practically 
the same price might be obtaimed wholesale for their entire 
product. 


TasLeE XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods. 
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TasLe XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and closing of blooming periods—Continued. 


Clovers. 
State. Alfalfa. White and Alsike. | Sweet (Melilotus). 
Begin. End. Begin. End. Begin. | End. 
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Taste XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods—Continued. 


Deciduous fruit 
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1 Black mangrove (Avicennia), Florida, June 20 to July 25. Cabbage palmetto (Sabai), 
Florida, June 13 to July 15. Saw palmetto (Serenoa), Florida, May 10 to June 15. Orange: 
California, Mar. 22 to May 5; Florida, February to March. Maple: January in south Florida, 
February in Gulf Coast States, March south of latitude of Maryland and April north of it, 
and into the first half of May in the northern tier of States. 

9 Principally apple; Georgia, peach, Mar. 1 to Apr. 1. 

3 Tupelo on the Gulf coast blooms in March, and other gums mostly in April. 
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TABLE XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods—Continued. 


Trees. 
State. lp e scene fruit | Basswood (linden). Gums 
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Washington.............-..--- PApoyes ola aw Fiera lays sa eet a a ule bas Ok 
Oregon ss so ses cel aek vase Mate Avs G4 SUT Gy etc ete | eas 2 ye lone Seep iarreedy a 
Califotnia. oir na HE) oye | ING ay eT alfa Ns cee eI i ete SURE aE 

Trees. 

State. Holly (Jlex opaca). eine Persimmon. 

Begin. End. Begin. End. Begin. End. 
Misia serie 0s SEE MES DSi SUR da Bi Res UCR PEC CST cA a ia Soa Le al ra 
IN@waliampshitre -)o)\ 35. See Sales USNS ARMED G Ae EE MORE alae cis rarar el OR 
ANC ea YO) al i Aarne eta ts ear ae LPS eg Hel Ug ea LSU a ec nan ent PCa aan aie IAC TS (6) A 8 
Massachusettsos soso ibe vste Sales ncaa Gaede June 5] June 15 }]..........|......... 
UNO evTsl ar gd oie Ns RRS AIEEE VALI VAS TR A OPS si ie ee a aici ao rT ee 
GonnectiCwt yee eee ais Ale lego ele cic Pail i PST Lk Bk a aman ea 
INTO Wi Y/OTIGe o cole ess eS IEE BARR PT ish a (Ua A CEI aL aU ea SO 
INE AHI) oh aren BORE An US BINED eas A ey Chae IE MASI em WEE SU Ak eC 
Pennsylvania se ss se He es |e casa ie Mea May 25] June 4]..........]......-.. 
Delaware ee yey a RN Ae OC eRe Ai eat AREER SMO RIE Ea Ue les Sve ee an AT CRS NE 
Moarvlamd icici Go SU pee TR eee Ee evi Ce Mayilonl Maye 25i)cen-oeeee | semeeere 
ifs b fe 60 EOC Se ca eas ea Poe | RD Maryaiiby | Mays 20) cs ces ea eee ae 
WrestiViroimiase esos Suan Ces eel RII ae ala Marya 2h ie Ma ya ol Sila ess ceca|eeeeeeen ae 
North Carolina.........-..---- May 1] May 15] May 10}'May 20} May 25 | June 15 
South Carolina..........-.---- IME y ois) cD Mea ya aD Oty aly pis |e ST et 
Georgia sees sms eee Seay May. 2)) May 16). 22-022 s|2 see ee Apr. 5j| Apr. 28 
MO Cy) Cs EOE a A Ea ee Pas UMN gS aeae oh Pe ot ea aU es ge AL a ed teal ALA Ae 
KO) ob (a) Mien ay pera Del AM ee Ra ied eat eel May 13 | May 26 ]........-.|.-.--:--- 
Mn diana sas sce ea le tel vat a eae ae May 15} May 24 }......-...J.---.--.- 
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TaBLeE XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods—Continued. 


Trees. 
Black locust . 

State. Holly (Ilex opaca). (Robinia). Persimmon. 

Begin. End. Begin. End. Begin. End. 
INQ OUT A ASRS ES IS ER CGC) RAGE) Ps CA tS RAL ey cya 
BVVALS OTIS ETA eee pet 0 | Sot LT IR ERS CS SSA LaNL el aM RN EEN ET A ee lia 8 
Ji BBG a (SYST Fa ei ag io aye a a oP el LA se a lee an et 
LOS AD Gee sa EERE Ae IES arene LA aes I Tt TES OC eo hen a Dal RG eae fg TSR (et eNO Ue 
IMESQOTE To cy ESRI CIE Al ROT Seer e203 eA tmp an a | Meet TC Uo eral [eee AI 
DSi H EON I Ops aay ee Sh ag ee ema to Mec ele go A VN oe Laci eC ea 
SOU UEDA OLAS Oe eae Ut egal Sk ag. is TORR SG Se pe CN RN 2 PAO Pe 
TeSDIDRDST ED SG 5 SSRIS 2 Sit ts Aes a wg Cy he ae eres ce al eee ene ORS bre Fat at NU 
LIGASE CLG “Ee NIG aI ey ees 2a | Geer ie ot anit el ae Marya 25) || 0unel Onlesasse ee seer 
LIGHT HIG o Ragedegddo dee ne Leet Geos eater Poe seteriee Mavi nSh |e Miayer22h | oo ece ss | ane sae 
Tennessee..... 9 a Soe Ne Pa de NR et May 11] May 15] June 1/| June 15 
BAN sa ineiaa eyepiece ead oa Co Rl eta Apr. 25 | May 10 | May 6] May 20 
Massissippie. 92 52b 2c... 32: Apr. 25 | May 21] Apr. 15| May 11) Apr. 16] Apr. 30 
WO uisiatia sees. ies 1) LA WNcpr 25 ARSON vs aes | ae cae en Re OL 
ANDEET Ss NS HCE SESE el (FCoE elec Meet LA eg HLL Lg (ae ae i Ua 
Oiclehomawise ance seems Fees ae, yeaa May. 25) |e Mieiye Byte ia cst epee itn 
PANT KELT] SERS iarnsee aL M GLAU SUIT 0 AUIS OUR 2 Ua eal | IO SL ate May 20} June 5 
IM IGYORIETT EVA oh a I ad RS Sa Se aga 8 AS 9 a TT DR UE Rae GPL 
VISTI AYE hese go an RA ae SPU Ce Rye ol CP eee A RLS Bae 
(CHAT GLO S SS Ge ules Sean eee ete VP lS a a a tT EVA ee 
DSHERG GUM Eb Cae He Hk i EV De NP SNE LAO et ety eR UN UVR Leo dR 
LATEW ARSON AA col N 08 5 Meh et rN) UN Ee SL 1d Ro eg | Ug Fal LENO ae 
LORE oe Sea Ses I IN A OP iC a a A MTS 
INIGRIEC is GS GAO Se Se OE SE ENE [eR LO DN] Ue a ey UG ata gM DOr Se AURaT SII RMV oe 
LODO ae jd Sse Gh Se MAN Ab STEN ARO ER as el Mie FS Mt UU DUALS) ay a 
RVVASDATI SCOT ee emu at Ea SL Eiko) AUN) ay MUNN as I OL a I TT SMe a 
OR EY=fOT aL = eS ee ae [eg ge 7A ee er a a eA pa ea TE 
@aliformigie. 22 .)i) 2205 ject. 3-6 TU ME SOs ANT ON [ieee sea ayn hse TCT I a tei ae 

Trees—Continued. Shrubs.1 
Sourwood Tulip poplar Gallberry 

State. (Ozydendrum). Giiriendyonys (Ilex glabra). 

Begin. End. Begin. End. Begin. End. 
BIA 0 71 Gear ere ese erg te Se LAU I AIP PPG AC SRA AWTS HPO an eT, PARSER AL 
ANG pELamm pS ire es i/o 25/5 Gs Naga ead ae Ra a el A ele orate al Tae pe 
NISHA ONO A I SB gM ab So 8 Ia a A A a IN Ut aa a 
ME SUSE VT SI BTSTSY ap ase ede Le RS Ie SL SU lc eS al Re ted ala 
VO OMSTanials/s tease eM e Se Le Mace ia Mes He Meg li oaarpal Hemant Va Wt me MULES INU Wielaee eh pla baie NM | 


1 Mesquite (Prosopis): Texas, first flow Apr. 15 to May 15, second flow June 15 to July 15; 
New Mexico, single flow May 6 to July 1; Arizona, single flow Apr. 15 to May 18; Nevada, 
singleflow Apr.20to Junel. Catsclaw (Acacia greggii), Texas, Apr. 20 to May 16. Guajilla 
(Havardia), Texas, Apr. 20 to May 25. Sage (Ramona), California, Mar. 1 to July 1 (mostly 
April, May, andJune). Wild buckwheat (Eriogonum), California, June 10 to Aug.1. Gall- 
berry (Ilex glabra): Florida, Mar. 25 to May 5; Georgia, Apr. 27 to May 28; North Carolina, 
May 20 to June 13. 
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TaBLe XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods—Continued. 
Trees—Continued. Shrubs. 


Sourwood Tulip poplar Gallberry 
State. (Oxydendrum). (Liriodendron). (Ilex glabra). 


Begin. End. Begin. End. Begin. End. 


Conmectioute ses SN A TE A RPE en hho 3 A es oS a oe 
ING We MORK Rasa a SEAS eee ee bel Yc or San LS oe TR EIS ates BOI Lec om | aI 
INGWAersey re ssi2 Ses SCE Reid Hee oe May, 10) May 020!|2=--222ee2| see 
Pennsylvaniasacsu.8 cept AER EE ees | eects eee May 22|June 6]........--|-..--..-. 
Melawarevscsnst Here Le aS ER PERT ee ee Ete ia ea ee hel aoe ae a lie ee 


Marylandineca 2 ss2 tees eae eee ease eee i ee May 16| May 28 ].....-.--.|..-.----- 


West Virginia...........------ June 30] July 25 | May 25 | June 10 }.-...----.-.|...--.--- 


Georeianis: Sie eR EN 128 May 25} June 25} Apr. 16 | May 10] Apr. 27 | May 28 
LON Koy ac Foy Se am A ale | et Ae Ce Wt ae | ee ge Mar. 25| May 5 


Michigamisd ass 5 cE UN) RM OD ARB ee ys toot Seagate ee ase UE il SS A ial en ea at Ee 
IWVAISCONISETI® oc eares 2 Bie CHENNAI Aire Henee 1A fore Aft | rummy Faecal Th at on eon LR a a at ee 


North aot eas 52 yeep esha ia | ae SR Ie ee We he ene es 
South Dakotals: ses so2-- see [es -2 2-5 A Besssaseca Meosesesrs| boseeassoe aasascmtea baceacucs 
ING DTS eats oe 2s koe oy tly yk on hal Hog asad sik |e Okie in ac ena aga) am ean cE 


Tennessee..........-..--.----- June 25| July 26| May 8| May 28 |..........]....----. 
Alabama: ss vasssec ee ee June 7/| June 28} Apr. 18] May 8] Apr 29} May 26 
MUSSISSIPDL = 225554 ee ea ea en ST tere aioe Apr. 18| May 8] Apr. 30] May 25 
MOUISISM A esos ee See ee Nee eee [ee eee dees eer a | eters scree al erate ene eae | ee reer 
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TasBLe XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods—Continued. 


Shrubs—Contd. Miscellaneous.! 
Raspberry (Rubus 
State. Sumac (Rhus). strigosus and Buckwheat. 
other species). 


WIG TG hac + SOC ASUB BEEBE EE es Gece eens Bee cocaee June 10} July 5| July 20} Aug. 15 
INGwellatipshire--- asso. 5-025|s02 sca <-|soceaseice| Joes ene sal aonecece ee Aug. 1] Sept. 1 
WERMION ape ee sss aisssiscs 22/212 sin'sa's ce |e nse t= June 10} June 25| Aug. 1] Sept. 1 
Massachusetts.......---------- July 8| Aug. 4] June 10| June 23] Aug. 1] Aug. 25 
Rhode Island 2). --.25-2---.5:2 July: » 6) Augie esses ss[iecesete selec =o. ce5| seeps 
Connecticut..... Pe Arend Bet ss July 6] July 29} June 1] June 15} July 20] Aug. 10 
IWGwevObkesss+22-tec2ces-eisc|iee-----~ | eee May 22|June 6{| Aug. 4] Aug. 31 
INGwigd CESOVnisa== a cineee's sacs acl weiencicw a |audeeicesce May 20| June 5] Aug. 1] Aug. 21 
Pennsylvania.........-..----- June 19] July 9j}]June 1{| June 25] Aug. 4] Sept. 7 
IPA WAIE eee seats ee cece cee] A sicinlc wa |mneeeeacea|Soceees oa oaseesie oF Aug. 1] Aug. 25 
Maryland eeccscsscesccsccscct| cece se en|ecncscemae May 20| June 15| Aug: 5] Sept. 5 
Wirpiniaseeessaoiec2 45052622225 June; 10) | JuneyZ0y|e-2- == ae see e eee eee Aug. 8] Sept. 8 
West Virginia...............-. June 10} July 5| May 15] June 5] Aug. 5] Sept. 1 
INIGTHAT OPE Tee ee ees Pa ae! aes Aug. 8 | Spet. 10 
SOHUMCOALOMNA aaa ac aa -55- 5252 o|s os cess val sbesct bess |seeesscess}eceeSeedecloometaeseclsseeaeee 
COTE co abd pe Bee CORAS Eee) BEEREEAOS: ACSA Scca baer arases| Rate mpga tae peer eieyaerers| Oran er 
TELIG TE BO 35 neo p ec COOCECOTEE] ABBE ABSEE SREASr ec) Perr renews (--iemineyel (ie pir mermd Foe ce sre 
CIE) coc msec ad SOneC BEC OECF Ase SEBREREE sa Baeconoced Hoccomsead Baca Seeror Aug. 9 | Sept. 10 
MGIB os oncdcsasocqceccnene4 posnboseee jooccosose4 onocanosee Geonesesao Aug. 2) Sept. 6 
SIG IS eee oases seins sees | ascites sine] eee eee see sateae ce cele cos Seek c|secnceasscloes cesses 
NUTR CO COC SE DEC CCC SESE Rea bans seam June 17| July 18} Aug. 9] Sept. 7 
WYSCOMSI nen a safe ain a= 2's a<| oo sscisetoes|oeere = ate a June 1] June 26 | July 29] Aug. 31 
MBTETES Eee ers eye = oS ERE 2k Eocene setige scelee coe ccod|ace tetas. Aug. 1] Sept. 1 
HOW Aten eee asset asec ce oot eed eelteec ccc abe be Sale eee eck Aug. 10 | Sept 

MISS OME eae e acacia nce na cs as ca as [Se eicieroaoe| Bee cncceine emt tee selma tases |Stecictic 
INGriteM Ak Obaeet 29.) icici. .|o2e Sass. Se| remtnmsardl sense sence [cpa cece See lomiaiacs cet Hmoceacine 
SGUUIMD AK OLA Err ay fece cba Me ee re oe IR, soo ee cites ORS ST ue ae 
WWebraskaeenmes ss ccesss-sc-afsecicies sss BRS ae nich: Rye asta [ elstele siamo |'s Sele maliese [basi wane 
aT SAS ME Sa ae ft tom ciee's xs 2 Duly Sela AUly note eee ee ene acces an see ace ser [aecerace 
ROT HC Kayes eels sions wo a oaks = sans teins sc cemeee els OL estaeecaes Aug. 5'Sept. 1 


1 Cotton, principally July and August throughout the cotton belt. Horsemint ( Monarda), 
Texas, May 10to June 27. Pennyroyal ( Hedeoma), Florida, November to February. Part- 
ridge pea ( Chamaecrista fasciculata), Florida, July to September. Spanish needle (Bidens, 
Coreopsis), North Central States, late August to late September. Fire weed or willow herb 
(Chamaenerion angustifolium): Idaho, July 15 to Aug. 30; Michigan, July 15 to Sept. 15; 
Minnesota, Aug. 15 to Sept. 20; Oregon, July 1 to Oct. 1; Washington, July 1 to Aug. 30; Wis- 
consin, Aug. 15to Sept.20. Dandelion, during May in most Northern and Western States. 
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TaBLe XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming pertods—Continned. 


Shrubs—Contd. Miscellaneous. 


Raspberry (Rubus 
State. Sumac (Rhus). strigosus and Buckwheat. 
other species). 


TRENTIGSSEO set eee ee ae RE a ats ANOLE aI Reith Lie a ts abst Pi lie peu en BIS Aci 
MAD ANIA ME soe See eae EES ARSE SSE AME NEM EON OS CS AOU Re OER eemce element sme 
Mississippi Ao ae es ae. Sek ee eeeo|pe ese ae esl fetes Ate Md aes cate ul bank te | [pan bra th 
OUEST TAY 0 ere NI SRL Pe Sree eg Pe RU Hg TIT RRS EE ere ree 


ING Wig MO XICOe Hae eae RUSE LS UML a ae me NARA Se a a ee Ee Ste ea 
Vie YAO) a SRS eee Ae ares eis ei feaeartalespsigrs| [btia ress EN aud Fag aa UAL aR UE Spee cari Ame ly a Dal aes at 


Miscellaneous—Continued. 


Heartsease or 
State. Fall flowers.! heart-weed ( Polygo- 
num persicaria). 


Begin. End. Begin. End. 


NOw/ lebhNyeMobie eS 64 oasdsocsesstes Sas cease sean sass |cooced SHou|loosocbacoallsossooesealsesesegs = 
SVCTINION Gatos eee te eee em et caster eenate tse yivel [Ea Sia aeae MEN hereto. STN Atala pay ta 
Massachusettsecesic ccc cineca te enee ie cis ae alesis PAI E iy (| RO Cus) a! | pee | Beceeree 
RhodevIslamad est wy yyy ER I LUNG ASS PSUS) SUE SSE a ERPS A Fn SSS. | 


1 Fall flowers, principally goldenrod and aster, former about a week earlier than latter. - 
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TaBLE XIV.—Principal plants furnishing nectar and pollen; average dates 
of beginning and ending of blooming periods—Continued. 


Miscellaneous—Continued. 


t Heartsease or 
State. . Fall flowers. heart-weed (polygo- 
NUM persicaria). 


Maryland totipey. senna. cule AUN ak eo) SR ee Septet Oct. wolon| seems sesies| eae ee ee 
War eimiasbee «eb epede. eee SN Ccte 5 beeen Sept l | Ochie Loy lteshe- ses bee ae aeer 
NVCSEAVAEP Haseena Boe eee nn OAT ee ioe Septey Hull Oct lop Soseee essa eneaee ne 
INIOHID CHG I BENE SNe: Me Rae ae amen ee eae Sep 20 Ocha 26)|eeeeeceeealeee eee 
IOMEM Carolinas. phi Sek has COREL . SIO See oe ton |k oo sees cios [ees acctrtcel tems etc 
GG. o conobbboaetedhsedeode SaeHonseeeeensoedede Aug Octal bi Seeman ener peers 
GI ORIG ae eee eine teaieis See a nteisioe etal aje ales ee) = Aug Octa sees esa |ecase eae 
ORO. sonasaooc bet e Sabo Ruabeeunasuseeeeee a coesese Aug. 22] Oct. 2) Aug. 11] Sept. 23 
IMGUAYIE AoA cbudeo Sebo dose eebe ance eaebas sae sconce Aug. 24} Sept. 23 | Aug. 17 | Sept. 19 
ITO IS se eieeise ts ise isiee wena seinen Nee cs ic cle eee Aug. 15] Oct. 11) Aug. 10 | Sept. 16 
iD GIN EE ocho neo sae Soossdssee sone souosceocomescs PATI Lol hOCbs edi | Rete ae ciers| rete teteictar= 
NVASCODSIN Seca ao seein. sine ttn ata orestass ei see Auge A138) Oech. 2322258.) |e cease 
WET RR GTR ood Hop Se AHR DUE BOOS A HSCBOSRSE SeBOCSUE HG] BE COb BES Aa Sate socer a AaB ert marie laToccosr ac 
NOR ct eSuc SSH SSO Besse Oe BESS OE HAR Eee ees ee ese Rap Mpeg od I ge elas Ses Aug. 10 } Sept. 11 
MI SSOULI see ees eta yelsii = ca alc eras eee aaaleaie ea are mayne a erection Aug. 20 | Sept. 30 
INGHUBUD AK Ob Ara ccet cite toa cine it os se cyoccile Aelia eee emoseiesetel eects saele[en ouieee eden lee a2 
SOUL MPD AK OUASs spe a2 toe Js cite sons scarcins cesar cee ealeceeiecieses|eatcoes ets Aug. 1/| Sept. 2 
ING) DATSUNS io Loose saelneeee gobosdeotuesasssossecssecod Aug. 10] Oct. 10 | Aug. 1] Sept. 1 
GHEE SS oo dogee CUNEO Oe BASS SEU NO SES Be ER SHESH ASa| leis By are Fee BS Aug. 1] Sept. 15 
IRYPGTGS/-cecdchconpece agbe-2eedeoepecdes eaomeecos Sept. 6| Oct. 12| Aug. 1] Oct. 1 
Meat GSR. 1530): she oe secdeesececedsedecoscearcooncd SepilsnOcte aive|peatasse selec cine 
JMET DTT SE Bs SENT Bs OR) RS a ea rg |S |e fe re A Le He 
IBS RS DO. Sodlh seb babs Soe ooceas Se SSaeESoretpees So Sbea shah Me SMArodne aaaceetteloecscaced 
IQUE 0 Loose Soe dge senepareouessosaceovoueeee Sept. 20] Nov. 1] Sept. 5| Nov. 1 
ANESE C53 acic 306 SOS BSG SBS OE SRE AEE O See GOCE PORE ac ace ABiesa [in aur amnelel MSEISRaE seit (aera R 
QIEBIIGiD sot oocoseceseseeeseeseseaurde co-osucoe Septal |Octse lop ceases er seer 
JARRE yo Sad sOGc ODEO AC BABOOC OSHC a ano reAEeEote Septa lo) |y Octet ee ey eae ee seers ser 
NIQTRE TID oA Ga Seded a Hab OOee SEOHEAHNS SUSE SeUBE oS Aeeneel be be Aare jae Balantael sama sm cea ae ame 
AW VOUT Pee e tricia ee os eeputer fiers ce tens een RIM MAN Cay Beer in (I code i cue 
Colorad Ouse nnrwistssae 15 senna a sn omeeeteten ee NES (ab So 20 enseebded baoseeeee 
Wews Mexico see. aierien se cas nc slo e sees en alec eae AIG Oct 1G) lee 2 swe a| ese eseter 
PALTZ ORD Ieee tate tats tare aay Clal aio serait tal bradal mate ARVN aT, AAW AY i Tay ks AS che T ks tr a eee 
WHE abe sce DSSS Ase BAB Se Hepner Beni tay rm BIB sate Ha, 0) eS ce a 1 Se es ee 
INICIO Ee ac GUUS BSE Mr teamed Bes meer at ss LF Melia MI Neat es os eal aselbbsaaasad 
NORIO) Aen ANE Se ae By eae aaa mapas Mae ea tesa ie ist ulygv 20h PAI eee SON eee ee ee et ocne alselae 
ViaSat OTs aes ok. Os eR an a SMAI ee 2 ele ee ay ais | a 
COTE ROTM Sm sp eit ae cs ik i Ed Pe a eT NP etal saeau tbe Ree 
(CHUN bIN A eRe On eae ae ABBE SEPA eis eicye ee Ie ise Sms 5) el Si ae ey arated ee LE bs a ea 
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The honeybee derives its supplies from the successive 
bloom of a great variety of trees, shrubs, and cultivated and 
wild plants and flowers, of which the family of the Legumi- 
nose is by far the most important. Many plants that are 
not sources of surplus honey are of great importance in the 
economy of the hives, furnishing the necessary supplies of 
pollen and nectar to enable the colony to increase the num- 
ber of bees and thus build up its strength in the spring and 
to carry it through the winter or through periods of light 
honey flow during the summer. The average dates of bloom 
of the most important plants in the different States are 
shown in Table XIV. The dates given are only rough 
approximations, being merely the averages of the dates 
reported from the different States, and the bloom may be 
earlier or later in portions of patticular States, especially 
those of large area or great diversity of climate. 


TaBLE XV.—Sources of surplus honey. 


Clovers. Trees 
wk 4 
a es 8 & 
5 gs |S Sl Se 
State. 2 : & : i) —~ ke = 
3 q 2314 7s/&s 
oS 5 6 R 3.8 a 2 
a iC) 3 q 3 q Se] 
3a - isk ifa) [s) Vw = g oo. Qs 
SWS West [SY SV re erates 
Sas 8 Se Peele Pe leclz 
< <q mn Fy —Q jan] (2a) Ay nM is 
P.ct.| P. ct.| P.ct.| P. ct.) P. ct.| P. ct.) P. Pa P.ct.| P. ct.| P.ct.| P. ct. 
Maine se.bsec cence tales kee 6.0) 1.0] 53.3] 0.2] 8.0]...... Ps Ua ee est Bears ro se eases 
New Hampshire.....)....-.|..-.-.]---.-- BYAM De) Rie oir Je Mess tears | ene yee Peeeyetse Se rare sd 
IMOLIMOn tiecrsce ences] ee a eee eee AQ Slice Sake Cea Aes] (eee Siar sess mrss oes siors 
Massachusetts....:..|..-.-- Dis eee [525555] el QS Sad Galeeeece| so sesae|eeeee merece nec ee 
Rhode Island. ......|....22)2-....|...22- STO R(UN Bien ISSA See te ae eeseses [pte tal heed Sil Lo Se 
Connecticut.........|....-- NS eA teasedeteaes 20.3) 4.4] 3.5 ]...... 0 tl SESS MSEC (aise 
ING WAWOr kee sae sea 1.6] 2.1} 30.2 5B] OSD |bosose APH aos Gseress| noo soe 
New Jersey..--.--.-).]..---- TULSA Waa aM ba 7663 | Mecoae saasede Iscosse At ERS Acoaae 1.5 
Pennsylvania.......|..---- Duly sees 13.1 At til SO Ail acres SERIE seca) eacsa Woes 
Delawarerenccesceeelbeoeks lsoeerel sawas 48.0) 2.0] 2.0]...... 7s egal oes 5.0 
Marylande ss 55> eee aln eens 3.1] 1.9 | 26.0 RSM 20) | eee ANDi eee eee Marre 15.6 
Mirginia os oc secceee ee ey oes eee] Se 7ST USA B80 Bea sos 3.4] 1.4] 12.2 7.8 
ANCES Algae elie sea 4) ye Weel aOR 2658) aly AON ail aeceee 17/8) Heme 3.5] 10.3 
North Carolina. .....|......|.....-]..---- 6.0} 1.0] 5.0} 6.0} 2.0} 1.2] 10.0 8.5 
South Carolina......}......|.--.--|..----1 OAs RSS te (cers 3.0] 1.0] 3.0] 3.0] 20.0 


1Tncluding red and crimson clover. 
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Clovers. Trees. 
Be) =~ 3 S 2 
E a8 ee 
State. = A & | SA aS 
S Eden SN Eves kits Nee. |S 
x si/3/8 (88! 8 [se] es 
Sees) ss ea" 8 ss | as 
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\Including in Florida 5 per cent black mangrove (Avicennia), 15 per cent saw palmetto 
(Serenoa), 8 per cent cabbage palmetto (Sabai), and 10 per cent orange. California, 17 per 


cent orange. 


2Including mesquite (Prosopis), 13 per cent in Texas, 13 per cent in New Mexico, and 43 
per cent in Arizona; sage (Ramona), 22 per cent in California; catsclaw (Acacia greggii), 8 
per cent in Texas, 1 per cent in New Mexico and Arizona; guajilla (Havardia), 4 per cent in 
Texas; wild buckwheat (Eriogonum), 11.2 per cent in California. 


HONEYBEES AND HONEY PRODUCTION. 51 


TaBLE XV.—Sources of surplus honey—Continued. 


eee Shrubs. Berries, | Cultivated plants. 
i eae 2 
ae S 23 
oe So 
ee S eo es 
State, o> Spo a =| e: 
ac 2| 8 bes $ 
oe Be |S B23 =O he 
2 : con aes 
See See a he Teese | BOs ls 
Bel a a A Se ese al SS | 8 
a oe ic a | o |e Sy eS) ho 
P. ct.| PB. ct.| Pe cé.| P:; ct.) P.ct.| P. ct.| P. ct.| P. ct.| P. ct:| P. ct. 
Ov pr Ora eyecectele 5 =e iste ites alts [lol eve oe oll ep aeteteal| iste speiellici ote eles] efalels oral terelaraicte lees ater SOU eee 
ATKANSES 5.2 occ lecd es ee SHO 5) | aes ce mtereye He) Ieoepealosacas 1.5] 5.0 3.0 
MOM LAT Mite tees are sis sje oe cesitecis| one <oe)] > ee emic|eiecccls s B61 SAGAR AROSE ERGs Se tes cae ans Aaa 
VA WOLOI TE oo aobe saesaaneod beceoe Saeed Bocr del lsesode] BdcHos locos Heorce Hascsa dase se] Skee 
(WOLOEAG ON see se eee arefelal sine cies acca da) sete lin oe Slee le ccstia]ecdulanyniclslecicllleiscerie eee 2.0 
New Mexico... 05.22. ...00-lo.s.2- oA [oat Sek see B5Sileeone ea soaleceeeu| acetals ews 
PATIZON ASS esas Seaisicice sence aligeds- |e ssa samatealece ad 43537 |tet sal samoslacemiate 2: Orv aastee 
Uf alee ecic scotia ee siecic|cwis ste clio ameel soe otic lis shine cls wale ce sedicice Ga cemalemuios Meee. 
ING VAC Aes cece cwinetrals = ccc ce ctncisineicices ot'cleaeistetel ecsicealcemctse| wile tielel oeimnictal cine celal eisinnse laces = 
AHO aeertas ea ck cise ciainonie sa] wsis ce a) o oe cee Sosealeeacen oid [SRR eee Sos le ee Be 
WiSSRINGTON ci ovis ccecss sine c|e aces SO sels eee ce cs eek atts can (Poe Sal ea ee 
OTE COM see clakiciciciclsec since cts o|'sats ces | AUR Pe el bee ae BiO0 few eisicial acerca | aeiarsie Peete 4.0 
Californians Use ee oe fens ts 1954 cece eee Sa Sue al eee Lee ua a wit 1.5 


Miscellaneous. Blends. 
pola) le (aye 
$8 |e 5 3 
a8) 238 a os 
State. S831 38 gH] 8 log 
3 jon 8| 25 ae] & | as 
eo |4S§| eS So] g@ | se 
dq |[208/G-] 7 ela ee Fl 
Pa @ je oel-a2 | & & 3 is Hi 
&|s |gesiss| a (Ss See 
loo hel lion | 4 g 5 ro) 
P; ct.| P.ct.| P.ct.| P.ct.| P.ct.| P. ct.) P. ct.| P. ct.) P. ct 
IMaINGreee en see ek io Os ta hd VO asec meer 5 Le Oy eee 1.6] 1.3 3.4 
New Hampshire...............--- 5. MSO) Ses cael eset ee Se eae 21.0] 19.0 
WWMermonte sense | eee ees wclak cceleo bee AS Hi) Pree | AeA CBT a 11.7 | 16.3 6.1 
Massachsettstecs asec cee cos cee csiecsese Bi Dr levis retaliate NH Ge eelseines 3.0 | 35.5 
Rhode Island...................- RO) |) EEO)! esos slbooses LOSO) esse |sce teehee soe e 30.0 
M@annecticut ss. k 2.3... ct... Sy Oniblg: 3) |. oi ee et Gs ene) cH 
ING 2600'S SHES EBOHE GES eae 4] 2.1 Pay i IPapae oa Bye | Sarees 7.0 | 11.7 7.0 
ING WHECISCY eo cose kes cocci e secede ee 0 | Cabs cee ee ake Shia GenaoS 11.0} 3.5] 26.0 
Pennsylvania.............------- PAGS |) They ese6as PP ten et I ae hae 10.0} 4.7} 13.1 
MEA WArOe ees cacics cecco cin «cones 450) |) LOSOM eae stan eas HaOnleereee 5.0} 3.0 5.0 


1 Including horsemint ( Monardo), 14 per cent in Texas; fireweed ( Chamaenerion angusti, 
folium), 1 per cent in Maine, 3 per cent in Minnesota, 22 per cent in Washington, 5 per cent in 
Oregon, trace in Michigan, Wisconsin, and Idaho; partridge pea ( Chamaecrista fasciculata), 
10 percent in Georgia, 7 per cent in Florida; wild vetches, 15 per cent in South Carolina. 

2 Principally alsike and white clover, but mostly white and sweet cloverin South Dakota, 
Nebraska, and Kansas. 

3 Including other blends with clover; 3 per cent in New York, 11 per cent in New Jersey, 
3 per cent in Pennsylvania, 12 per cent in Maryland, 4 per cent in Virginia, and 20 per cent 
in North Carolina. Mostly aster and goldenrod. 
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NECTAR SOURCES FOR SURPLUS HONEY. 


The principal sources of surplus honey, that is, honey 
which is removed from the hive by the beekeeper for his 
own disposition, in contradistinction to that consumed by 
the bees, are shown in Table XV. 

It is to be observed that the clovers, including alfalfa and 
sweet clover, belonging to the great family of the Legu- 
minose, are the most important source of the country’s, 
honey, these alone furnishing 34.9 per cent of the entire 
supply, besides the larger component (probably 8 per cent) 
of the 13.3 per cent additional of blended, or mixed honey. 
Of the clovers, the most important is the small, low growing 
white clover of the lawns and fields, credited with 19.6 per 
cent of the total supply. Next in importance is alfalfa, 
furnishing 7.7 per cent, and its near relative, sweet clover, 
furnishing 6.2 per cent. Alsike, 1.4 per cent, has probably 
been reported in some cases as white clover, blooming at 
the same time and producing the same type of honey. 
Red clover is mentioned occasionally, as in dry seasons 
when the corolla tubes are short enough for the bees to 
reach the nectar, its profuse secretion is utilized. This and 
crimson clover, a source of nectar in a few southeastern 
States, are included under white clover, as are all reports of 
clover simply, without further designation, as the honey 
from all these excepting sweet clover and alfalfa, is almost 
identical, and in common practice is handled as white 
clover honey. 

Among the trees, the heaviest producer is the basswood, 
credited with 3.5 per cent pure, and with white clover as a 
blend amounting to 4.0 per cent additional. The tulip poplar 
furnishes 2.8 per cent, and the sourwood 1.6 per cent, the last, 
however, often being given credit for honey actually derived 
from othersources. The tupelo and other gums, 3.1 per cent, 
and the holly, 1.1 per cent, are bountiful producers in 
limited Southern areas. For heavy yields the orange and 
other citrus trees are notable, and orange honey, 2 per cent, is 
of importance commercially. No other tree is credited with 
as much as 1 per cent of the total, although in many sections 
black locust is important in an occasional season. Among 
tree shrubs and bushes, the mountain sages, 2.3 per cent, 
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the mesquite, 2 per cent, wild buckwheat, 1.1 per cent, and 
catsclaw, 0.8 per cent, are extremely important: in the 
regions of their growth. These are all plants of the semi- 
arid regions. Gallberry, a type of shrub holly, furnishes 
1.6 per cent, and sumac 0.7 per cent. Of berries, the wild 
raspberry is locally important, blackberry and huckleberry 
being less so. 

Of cultivated plants, cotton is most important, furnishing 
4.0 per cent of the total supply. Buckwheat is a heavy 
producer. It contributes 2.9 per cent. 

Of the weeds, goldenrod heads the list, producing 2.1 per 
cent, its growth being very widespread. NHeartsease or 
heartweed, 2 per cent, and Spanish needle, 1.3 per cent, are 
important in the Central West, and wild aster, 1.4 per cent, 
has a very wide distribution. 


GEOGRAPHICAL DISTRIBUTION AND CHARACTERISTICS OF 
IMPORTANT HONEYS. 


HONEYS OF THE WHITE CLOVER BELT. 


The white clover belt, marking the principal range of the 
wild growth of this lowly but beneficent plant, wherein it 
invades the grasslands, yielding nitrogen to the soil, food 
to the grazing stock, nectar to the bee, and beauty to the 
eye, includes all of the States from Maine southward to 
Virginia and the Allegheny and Piedmont sections of the 
southestern States, and all of the territory westward to 
the beginning of the semiarid plains beyond the one hun- 
dredth meridian of west longitude. White clover is also 
becoming important in some western irrigated sections and 
in the limestone and alluvial soils of Alabama, Mississippi, 
and Louisiana. The white clover belt is the most impor- 
tant honey-producing region, because it furnishes not only 
the leading commercial type, but all told more than half of 
the total honey crop of the entire country. The limpid 
whiteness, heavy body, and distinct but delicate and delicious 
flavor of white clover, worthy of the dainty clustered blossom 
whose aroma it bears, long ago established it as a standard 
of excellence. It should not be asserted that this is the best 
honey, but if it is said of a honey that it is ‘‘as good as white 
clover,” it is considered sufficient praise. 
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The basswood (linden, Linn.) tree, found native in our for- 
ests.and planted extensively as an ornamental and shade 
tree, which furnishes a honey of fine quality when well 
ripened, and of superlative quality in its frequent blend 
with white clover, grows in much the same region as the 
latter, except that it does not extend so far to the south- 
ward, being found native south of the latitude of Pennsyl- 
vania only as a rule at the higher levels and as far south as 
North Carolina only in the northern coves of the mountains. | 

Other principal types of honey produced in the white 
clover belt are, in relative order of total production, as 
follows: 

Buckwheat, a dark honey of rather strong flavor, much 
esteemed by those familiar with it, but having practically 
no market as a table honey outside of the buckwheat- 
growing sections of New York and other Northern States 
and the Appalachian region. 

Goldenrod, from a very widespread plant, a highly fla- 
vored honey with a beautiful golden color, rated as one of 
the finest of fall honeys, but too rich for many who prefer 
delicate flavors. 

Heartsease honey, from the weed, not the violet, of that 
name, important in the central corn States, and to a lesser 
extent in the States east. When produced pure, it is a white 
or light amber honey of handsome appearance, but of a flavor 
that wins it no favor outside of the area of its production. 
Where a constituent of mixed honeys and in not too great 
proportion it is not objectionable, but rather pleasing. 

Aster, the almost universal fall honey, obtained from the 
common roadside wild aster, a strong amber or dark honey 
rarely used except for cooking. 

Spanish needle, a light golden honey with a distinctive 
flavor, a very good type and considered superior by many, 
obtained in considerable quantities during late August and 
throughout September from the heavy growth of this weed 
in swamps and along the water courses, in much the same 
territory as heartsease. 

Black locust, a very good light honey from the familiar 
leguminous tree so favorably known as the source of durable 
fence posts, which, during the month of May and often too 
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early for bees to obtain full benefit of its bounty, stands a 
great cluster of fragrant, snowy bloom for from 10 days to 
a fortnight, said to yield when weather conditions are favor- 
able, though usually only at intervals of several years, a 
large amount of honey. 

Sumac, broadly distributed, an amber or dark product, 
with a strong and fruity flavor which is tempting to many. 

Apple, and other tree fruit bloom, light amber honey of a 
very fine flavor when well ripened by the bees. 

Raspberry, a white and extremely finely flavored honey 
produced in considerable quantities in northern Michigan, 
and less freely elsewhere along the northern border, from 
the wild raspberry, which covers large areas of cut-over 
timberlands. 

Milkweed, highly esteemed aed produced in considerable 
quantities in limited localities in Michigan and other States 
where this well-known wayside plant grows in abundance. 

Blueberry and huckleberry, a dark honey carrying the 
flavor of the fruit and greatly prized in the favored localities 
where obtainable. 

WESTERN HONEYS. 


Alfalfa, the second most important source of honey, 
known of ancient days as the ‘‘best fodder” and rapidly 
gaining in this country the respect and place due its worth, 
yields nectar freely in the region of its principal growth, be- 
yond one hundredth meridian of west longitude and through- 
out the western Mountain and Pacific Coast States. It is 
occasionally reported as yielding nectar in some eastern 
sections. This is usually a white honey except in the south- 
western tier of States, where it darkens to amber, with a 
distinctive spicy or minty flavor, but with a tendency to 
granulate (crystallize and become semisolid). Owing to its 
high quality and extremely heavy production throughout 
the western irrigated regions, it is an important honey 
commercially. 

Sweet clover, a native lezume and a very close relative of 
alfalfa, which in the early stages of growth it resembles 
closely, is of next importance, the honey being similar in 
appearance, but of a superior flavor, and with a lesser tend- 
ency to granulate. The plant grows wild in dense masses 
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throughout all of the western Mountain and Plateau States 
and the central and northern plains, along irrigation ditches 
and in waste lands, wherever moisture is sufficient. It is 
also common in all of the Central States eastward to the 
Atlantic coast, bordering the steam and wagon roads, and 
is an important honey plant in many sections there and in 
the black lands of Alabama and Mississippi, especially where 
cultivated as a forage plant. 

The mountain sages of California produce a type of honey 
of much importance commercially and by common consent 
one of the finest of all in color (white), density, and flavor. 
The sage honeys possess, in addition to other virtues, the 
important one of not granulating readily. Honeys from the 
desert plants other than sage are as a rule good; many are 
excellent and rarely are they of poor quality. 

Orange honey ranks high among the commercial honeys, 
being produced in large quantities in California, and to a less 
extent in Florida, Arizona, and a few of the Gulf Coast 
States. When produced under favorable atmospheric con- 
ditions, as a rule, itis of fine appearance, body, and flavor, 
and is ranked as one of the very best. 

Other sources of favored western honeys are few, but 
among them fireweed, which follows fires on cut-over lands 
in western Washington and Oregon, as well as in the northern 
fringe of the Eastern States, is unexcelled. Vine maple is 
important in Oregon. 

California, the leading honey State, owes its preeminence 
to four principal sources of supply—the alfalfa of the valley 
sections, the wild sage and the wild buckwheat shrub of the 
southern hills and mountains, and the citrus groves. 

Of the Texas crop, second in importance, roughly two- 
fifths is produced in south Texas from the wild horsemint 
and from the mesquite, catsclaw, guajilla, and other desert 
trees and shrubs, a scant fifth in the western section of the 
State beyond the Pecos River from alfalfa and desert plants, 
and most of the remaining two-fifths in the black waxy soil 
belt and the prairies of central Texas, principally from 
cotton, though a considerable quantity is from horsemint 
and some from mesquite. Rattan, huckleberry, and holly 
supplement cotton and horsemint in the eastern part of the 
State. 
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SOUTHEASTERN HONEYS.— 


Tupelo gum honey is produced in large quantities from the 
tree of that name in the regions adjoining the east Gulf 
coast, principally in swampy sections and along the rivers, 
and while a honey of good flavor and fair color is in demand 
mainly because of its nongranulating properties for mixing 
with other honey. Other gum trees also are sources of honey, 
but, as a rule, the quality is inferior, and yields are not so 
heavy. . 

Cotton honey is white and of fair flavor. It is produced 
freely in portions of the cotton region, particularly in Texas, 
though in some sections the plant yields little or no secretion, 
which, incidentally, is extra floral, the sweet secretion ap- 
pearing on the stem bracts below the flower and upon the 
under surface of the leaves. ! 

The tulip poplar tree, growing freely throughout the east- 
ern and southeastern United States, often to an immense 
size, furnishes an abundance of nectar early in the season, 
often before the colonies of bees are sufficiently built up to 
take full advantage of it. The honey is of reddish amber 
tint and of inferior though not unpleasant flavor and is rarely 
handled commercially except for cooking purposes. 

The Southern States produce several honeys of superior 
flavor which are consumed on the local market and rarely 
reach general commercial channels. Among these may be 
mentioned the sourwood of the Southern Appalachians, the 
gallberry of the South Atlantic and East Gulf coasts, the 
saw palmetto and mangrove of Florida, holly, persimmon, 
partridge pea, and titi. (Cliftonia.) 


PRODUCTION OF 1917. 


The yield of honey for the year just passed has been only 
fair, 40.3 pounds average, being much below last year’s fig- 
ure of 52.8 pounds, and slightly below the 42.3 pounds of 
1915. The coolness of the season in most of the Central and 
Eastern States, with local droughts, and prior winterkilling 
of clover over considerable areas, coupled with periods of 
extreme heat in the Far West, were principally responsible 
for the relatively disappointing crops realized in 1917 in 
spite of earnest efforts on the part of beekeepers toward 
heavy production. 
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CONDITIONS AND PROSPECTS FOR. 1918. 


The increase in number of colonies during the season over 
and above losses is 11.5 per cent, which will allow for an 
average winter loss without a material reduction of numbers 
below that of 1917. The condition of colonies at the begin- 
ning of winter was reported as 93.2 of normal, only slightly 
below the high condition of 95.5 in 1916, and in only four 
States did it fall below 90, although one of these is the impor- 
tant honey-producing State of Texas, where extreme and 
long-continued conditions of drought reduced the condition 
to 81. 

The supply of honey in the hives on November 1 was 
generally ample for ordinary winter requirements, but the 
severe winter in the central and eastern States threatens 
heavy losses and weak condition of a large proportion of the 
surviving colonies in the spring of 1918. 

The character of the season controls the yield in a broad 
sense, but a material increase in production of honey over 
what may otherwise be expected might be realized if bee- 
keepers generally could be aroused to the importance of the 
subject and would make special effort by giving attention 
to the bees in the fall and early spring to see that their 
stores are ample, by feeding if any shortage exists, by pro- 
tecting them so far as possible from the inclement winds and 
freezing temperatures of winter and early spring, by supply- 
ing ample room in the brood chamber for the expanding brood 
(not so early, however, as to lead to harm from undue expos- 
ure), by giving plenty of space at the proper time for storing 
surplus, and by the production of extracted honey. This 
last expedient, besides permitting a marked increase in 
production by most beekeepers and in most seasons over 
that of comb honey, by lessening the amount of comb build- 
ing and avoiding heavy swarming during the season of sur- 
plus production, also involves much less labor in: caring for 
the bees. 

The May 1, 1918, report, received just as this bulletin goes 
to press, shows that the losses of colonies of bees during the 
past winter have been, for the United States as a whole, 18.7 
per cent of the total number; in other words, almost one out 
of every five colonies has perished. As the reports to the 


60 BULLETIN 685, U. S. DEPARTMENT OF AGRICULTURE. 


bureau are in the main from the better class of beekeepers it 
is to be feared that the wastage has been even greater. 
Under the present circumstances, this loss assumes an aspect 
tragic not only to the multitude, almost a million, of indus- 
trious and interesting insect communities whose ardent 
haste and joyous hum have been stilled, but to their human 
erstwhile beneficiaries. The Nation can ill spare the 20 to 
30 million pounds of honey which past experience permits us 
to assume as the potential production of these lost colonies. 
Roughly, a third of these losses are. ascribed to freezing 
and another third to starvation, and it is sad to reflect that, 
both of these causes might in large measure have been over- 
come by their proprietors and protectors. Sugar and labor 
shortage are partial, but only partial, excuse, as is the 
unusual winter, which came early, shortening the flow of 
nectar from the autumn flowers, and persisted with unex- 
ampled severity without the customary brief relaxations 
which in ordinary years permit of late cleansing flights by 
the hive-bound bees before the settled cold of midwinter. 

Lost or failing queens and smali colonies resulting from 
brood diseases or late swarming are as usual the principal 
other reported causes of loss. 

The losses were most severe in the North Central and 
Northeastern States and extending as far southward as 
North Carolina, Tennessee, Missouri, and Kansas, ranging in 
some States as high as 41 per cent and in only a few cases 
falling below 15 per cent. The losses in the South and West 
have been less than usual, with the exception of Oklahoma 
and California, and notably Texas, in which State drought of 
two-year duration in important honey-producing sections 
created conditions that resulted last winter in 24 per cent 
of loss. This drought was happily ended by copious rains 
early in May. 

The number of working colonies remaining on May 1 is 
estimated at 88.7 per cent of the number on May 1, 1917. 
Material increases last year partly offset the heavy losses. 
Increases are shown over last year’s numbers in most of 
the Southern and Western States. 

The condition of colonies is 86.4 per cent of a normal at 
this date, compared with 91.1 per cent last year and an 
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average of 94.2 per cent, reflecting the bad effect upon the 
surviving colonies of the severe winter. The colonies appear 
to be building up rapidly, however. Colonies are reported in 
excellent condition in most Southern States, excepting Texas, 
and are above normal in several of the western group, 
although in California they are in only a trifle better than 
last year’s poor condition, and still 10 per cent below the 
average. | 

The condition of honey plants is reported at 86.7 per cent, 
which is considerably better than the 82.3 per cent reported 
last spring, but distinctly below the average of 92.6 per cent. 
The lowest conditions are in Wisconsin, Iowa, and South 
Dakota, owing to winter killing of clover, and in Texas and 
Oklahoma, resulting from droughts. 
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INTRODUCTION. 


The results of the investigations of the rots of strawberry fruits 
(Fragaria sp.) made by the writers during the two years ended in the 
spring of 1917 have already been published (10 to 12)... Since the 
preparation of these papers the problem has been studied somewhat 
more extensively. The work for the season of 1917 included field 
investigations in Florida, Alabama, and Louisiana, with experimental 
_ shipments between Hammond, La., and Chicago during April, and 

field work in Missouri and in the region about Norfolk, Va., in May. 
\ Observations were also made of the fruit in the various markets, 
most of the important markets east of Lees being visited at 
‘least once during the season. 

_ Through the courtesy of H. J. Ramsey and V. W. Ridley, of the 
Office of Handling and Storage Investigations of Fruits and Vege- 
tables, one of the writers was able to accompany car-lot shipments of 
strawberries from Monett, Mo., to St. Paul, Minn., in order to study 
the condition of these shipments and to include inoculated fruit in 
the cars. 


1 The serial numbers in parentheses refer to “‘ Literature cited,’’ at the end of this bulletin. 
52315°—18—Bull. 686 
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RHIZOPUS. 
TYPE OF ROT INDUCED. 


Among the numerous fungi which have been found growing on ripe 
strawberries, Rhizopus, as pointed out in an earlier paper (12, p. 4), 
is by far the most important. This fungus destroys strawberry 
tissue more rapidly than any other yet found and causes the affected 
fruits to collapse with the loss of much juice, producing the charac- 
teristic ‘“‘leak’”’ which so frequently discolors strawberry boxes and 
crates in the market. The spores of this fungus are apparently very 
generally present on ripe strawberry fruits. 

A list of fruits and vegetables on which Rhizopus nigricans Ehrb. 
has been reported was published by the writers (12, p.9). On June 1, 
1917, this fungus was observed fruiting abundantly on red rasp- 
berries (Rubus sp.) and dewberries (Rubus sp.) in the Chicago mar- 
ket, and later (July 23) on blackberries in the Washington market, 
In all these cases the fungus seemed to be producing the leak charac- 
teristic of its action on strawberries and other fruits (12, p. 11). The 
berries had settled to about one-half their original height in the box, 
and the juice was leaking from the bottoms of the boxes or crates. 

It is of.interest to note that in his studies of Rhizopus, Wormald 
(14, p. 483) proved that both the so-called plus (+) and minus (—) 
strains of this fungus are able to produce the characteristic soft rot 
of tomatoes (Lycopersicon esculentum). 

It is probable that Rhizopus occurs as a fruit rot of tomatoes in 
this country, although no reference to it can be found in available 
literature. In a car of tomatoes from Cuba which was examined in 
Boston in January, 1918, by Mr. C. E. Merrill, food products inspector 
of the Bureau of Markets, and one of the writers, several instances 
were found in which a species of Rhizopus was producing a soft rot 
of tomatoes. 

IMPORTANCE OF CAREFUL HANDLING. 


Early in their investigations (10, p. 364) the writers became con- 
vinced that Rhizopus rarely, if ever, enters strawberries through th. 
uninjured epidermis. Continued observations and experiments hav< 
confirmed this conclusion. As strawberries are very easily injure’ 
they should be handled as little and as carefully as possible. S 
ing, or at least some examination at the packing shed, is usually n 
sary, but berries should be handled carefully in order to reduce 
minimum injury and the consequent decay. When practica’ « 
when most of the picking is done by the grower’s family or 
perienced help, the berries may be sorted as picked. This is ¢ 
the most desirable procedure. The importance of careful 0 0ciin5 
as a means of reducing loss from decay in various fruits =. Deen 
clearly shown in several investigations by Ramsey (5 and Powell 
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(4), and others, and it is apparently of first importance in the straw- 
berry.’ 
IMPORTANCE OF LOW TEMPERATURE. 

The careful studies of Miss Ames (1) indicate the close relation 
between temperature and the rate of growth of Rhizopus. Rhizopus 
orows very slowly at a temperature of 10° C. (50° F.). The rate of 
orowth increases very rapidly with the rise of temperature above that 
point, however, so that the fungus will develop more in a short time 
at a relatively high temperature than in a much longer time at a 
lower temperature. Miss Ames found, for instance, that Rhizopus 
nigricans would produce mature sporangia in 36 hours at a tempera- 
ture of 33° C., while at temperatures of 10° to 12° C. three weeks were 
required. 

The importance of low temperature in reducing rots of strawberries 
was strikingly shown by tests conducted in connection with experi- 
mental shipments between Monett, Mo., and St. Paul, Minn. Similar 
boxes of strawberries of the Warfield variety were inoculated with 
spores and mycelium of Rhizopus ngricans through needle wounds. 
The berries, at a uniform temperature of about 24° C. (75° F.), were 
all placed in the cars about 6 p.m. 

Accurate temperature records kept by Mr. V. W. Ridley showed 
that the most marked difference in the conditions to which the four 
boxes referred to in Table I were subjected was in the time consumed 
in reaching a temperature below 10° C. (50° F.). Examination of 
the fruit four days later, on arrival at destination, showed that the 
longer the time consumed in reaching 10° C., the greater the amount, 
of rot developed. The results are summarized in Table I.’ 

Taste 1.—Relation of temperature to the growth of Rhizopus in imoculated strawberries 


of the Warfield variety, in connection with experimental shipments between Monett, Mo., 
and St. Paul, Minn. 


Hours con- | 
sumedin | +7 eayra ain = ; ee 
Crate. reaching 10° ©. Condition on examination after arrival at destination. 
(50° F.). 
= 
NowAwees: 40 | Berries practically all rotten, most of them bearing aerial hyphe with im- 
mature sporangia. 
Noy Bese 30 | All berries showing a rotten area about one-fourth of an inch in diameter 
around the inoculation. 
NOsC)222 ci0 7 | 70 per cent of berries showing no indication of fungous growth, the remaining 
30 per cent showing small rotten spots. 
NowD: 222 2! 5 | 91 per cent of berries showing no indication of fungous growth, the remaining 
9 per cent showing very slight softening around the point of inoculation. 


Other boxes of inoculated fruit of the Warfield variety, as well as 
some Aromas, were also included in this experiment. The results 


1Mr. E. L. Markell, of the Bureau of Markets, informs the writers that his own investigations, conducted 
luring 1915 and 1916 at Hammond, La., the results of which are as yet unpublished, clearly showed the 
mportance of care in handling strawberries. 

2See also Ridley, V. W. Factors in transportation of strawberries from the Ozark region. U.S. Dept. 
Agr., Markets Doc. 8, 10 pp., 6 fig. 1918. 


4 BULLETIN 686, U. S. DEPARTMENT OF AGRICULTURE. 


in all cases were similar to ‘those given in Table I. The significant 
fact is that the only perceptible difference between the boxes was in 
their temperature after loading on the cars. Boxes of berries as 
nearly alike as possible were chosen for the experiment. The berries 
were of the same variety, grown in the same locality, picked at the 
same time, and inoculated in the same way with the spores and 
mycelium of Rhizopus mgricans which came from a single original 
culture. 
WASHING STRAWBERRIES. 

Washing strawberries before packing for shipment is regularly 
practiced by a few growers in Florida and is resorted to by a large 
number when the berries are very sandy. Experiments conducted in 
Florida by the writers during 1916 (12, pp. 15-19) showed that the 
practice is not necessarily harmful provided the fruit is packed wet, 
handled with care, and placed under refrigeration within a reasonable 
time. They indicated, indeed, that the keeping quality of the fruit 
might even be improved by this treatment. To allow the washed 
fruit to dry before packing, on the other hand, had a decidedly 
injurious effect. 

In order to verify these results, the writers experimented by washing 
strawberries in Louisiana and Missouri during 1917. Various 
methods of washing were first tested. Experiments were conducted 
in which a part of the berries were packed in boxes and then washed 
either by dipping the entire box in clean cold water or by running the 
water over and through the box, while an equal quantity of the 
berries was poured into the water, dipped out immediately, and then 
packed in boxes. Klondike berries picked at Hammond, La., were 
used and after treatment were placed in crates while wet and examined 
after 48 hours. Table IT summarizes the results of these tests. 


Tape II.—A comparison of the keeping quality of strawberries washed before packing 
with strawberries washed after packing at Hammond, La., in 1917. 


Washed after packing. | Washed before packing 
Treatment. 
Number of | S074 0D | Number of | SOUBG on 
berries. | CX2™ina--| “berries, | Xamina- 
tion. tion. 

. Per cent. Per cent. 
Held without refrigeration 242-822-5455. 2222. ceeeee ee 183 28 143 3 
Shipped to Chicago under refrigeration.-..-........... 820 56 786 45 
ocala Ree nee see ee oe ice ao cin-s soe Geen 1, 003 51 929 40 


Without exception, the results were in favor of packing the fruit 
before rather than after washing. In subsequent washing experi- 
ments, therefore, this method was followed. 


1 Still better results are obtained by packing dry and then washing. 


: 
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In six tests, which included three varieties from two localities, 
washed berries which had been placed in the crates while wet were 
compared with unwashed berries. The results are given in Table 
Il. 


Taste IIl.—Effect of washing strawberries, as shown by sic “tests of fruit grown in 
Louisiana and Missouri in 1917. 


Unwashed fruit. | Washed fruit. 

Test. Variety. Locality ae og | sane 

} & y Number Sarin Number Canina 

of berries.| * 5 igs berries. ; 

Hl 

Per cent. | Per cent. 
BO ea eer eso 5 onc = 2 Klondike........-. Hammond, La. . 268 41 | 243 26 
i057 ee RVUSSCM ess = pam 6 (Ee 2 ee 222 40 228 6 
LNCS oe. Sees Klondikes 550) 22s GO: eee ee | 234 42 | 194 43 
Isla yi Se a ee a CURE At Sone eel meee Oru: Naar cee | 638 49 | 658 52 
MG. Bishi esas Seen eee donee ear. eer: do: SAAB ot 192 58 | 162 72 
INO ee ee Wrarfietds ===. Monett, Mo..-..-. 230 57 | 198 81 


1 A local name. 


As was stated in a previous paper (12, p. 18), the improvement in 
the keeping quality due to washing berries is greatest when the 
temperature of the air is highest, as the improvement is apparently 
due to the fact that the wetted berries are at a lower temperature 
during the interval between packing and placing under refrigeration. 
The results given in Table III emphasize these facts. In tests 
Nos. 1 and 2 the berries were picked between 8 and 9:30 a. m. on a 
bright but rather cool morning following a heavy rain. Many of 
the berries were still wet, and their temperature was not materially 
lowered either by jem or subsequent increased evaporation. 
The chief effect of the treatment was, then, the slight bruising 
incident to dipping, and the results are unfavorable to the washed 
fruit. 

In tests Nos. 3 to 6, however, the berries were picked between 
11 a. m. and 3 p. m. on warm imei days when the immersion and 
evaporation actually lowered the temperature of the washed fruit 
considerably below that of the dry. 

In tests Nos. 1 to 4 the berries were kept without refrigeration for 
24 hours before being loaded into cars for shipment to Chicago. 
The cooling due to washing persisted for only a few hours, after 
which the berries reached a temperature favorable for fungous 
growth and remained at that temperature for a considerable time 
prior to being placed in refrigerator cars, so the beneficial effect due 
to washing was largely lost. In the last two tests, on the other hand, 
the berries were loaded into iced cars within a few hours after picking 
and washing, so that the cooling effect persisted for the entire interval 
and the berries did not reach air temperature at any time. Under 
these conditicns washing markedly improved their keeping quality. 
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The experiments in 1916 showed that if washed berries are allowed 
to dry before being packed their shipping quality is injured. To 
obtain further data on this point three shipments of Klondikes from 
Hammond, La., to Chicago, Ill., were made in April, 1917. The 
results, which are summarized in Table IV, agree closely with those 
of the previous year. 


TaBLe 1V.—Effect of drying washed strawberries before packing, as shown by shipments 
of fruit from Hammond, La., to Chicago, Jil. 


c Sound on 
Treatment. Nuaiver of) examina- 
; tion. 
Per cent. 
Not washe deen kao Ne Secor cere ein eiepaye eye silk cle asta taste So RRS o nese one 1, 064 49 
Wiashedlandinackeditwe titre cei iste ep reie al. nner ayare Reet els alate fate stecemeyaiee 1,014 53 
Washed driedsnishadevandypacked tere pee seer setae eal reer 1, 037 37 


As already stated, by this treatment the beneficial cooling effect 
of continued evaporation from the berries is lost, and the harmful 
effects of softening and extra handling are emphasized. 

Smith and Goodman (13, p. 84; see also 12, p. 17) found that 
strawberries dried for an hour in a strong current of air from an 
electric fan carried to market in better condition than those even 
slightly wet. In order to review the conclusions of these investi- 
gators, two tests were made at Hammond, La., in which wet berries 
were fanned before being packed. In one test the berries were pre- 
pared and held for 24 hours at room temperature, after which they 
were shipped to Chicago under refrigeration. In the second case 
they were placed in an iced car for shipment as soon as they were 
prepared. The results are shown in Table V. 


TaBLeE V.—Effect of fanning strawberries before shipment, as shown by two tests of fruit 
grown at Hammond, La., and shipped to Chicago, Til. 


Held 24 hours without : : 
refrigeration before Packed end shipped 
shipment. REPAIRED 

Treatment. 
Number of} Sound on | Number of} Sound on 
berries. arrival. berries. arrival, 

Per cent. Per cent. 
Nie tawashedvontreatedeteaen4-e eu aceen coer one a eee 234 42 192 58 
INOW WAAL low ie yAIN CL I TOE os = 35655 aeaodecgadaocsulloaoseasedscollossogcononce 184 54 
Washed and dried in shade 1 hour..-..........-....-- zis 234 23 165 54 
Wiashediandipackedswetmeceeeeersseresec cose soe teers 194 43 162 72 
Washed and fanned 1 hour........--.....-.......-.---- 164 23 186 70 


These results and those of other tests (see Table IV; also 12, pp. 
16-19) indicate that no injury is likely to follow shipping berries wet. 
As the writers’ work was done in Louisiana and Smith and Good- 
man’s in Canada, no very satisfactory basis for a comparison of 
results is presented. 


FURTHER STUDIES OF THE ROTS OF STRAWBERRY FRUITS. ‘a 
TEMPERATURE AT TIME OF PICKING IN RELATION TO DECAY. 


Another striking illustration of the importance of temperature m 
controlling Rhizopus rot is found in the relation of the rate of decay 
to the temperature at the time of picking. In studies which are to 
be reported in detail elsewhere, the writiers have determined that on 
clear days the temperature of many small fruits, including straw- 
berries, is much higher near midday than in the early morning or late 
afternoon. Experiments have shown further that the decay of 
strawberries picked near noon is more rapid than that of similar 
berries picked early in the morning. For example, strawberries of 
the Klondike variety were picked at Hammond, La., at various 
times and held in the packing shed until about 4.30 p. m., when they 
were shipped to Chicago under refrigeration in the regular express 

‘service, which gives second-morning delivery. They were examined 
and sorted on the day following their arrival. (Series A, Table V1.) 
Wider differences in keeping quality were obtained with another 
series picked and shipped under similar conditions. (Series B, 


Table VI.) 


TaBLe Vi.—Keeping quality of strawberries in relation to temperature at time of picking, 
as shown by three series of tests of fruit grown at Hammond, La. 


f Sound on 


4 eae Temperature when | Number o 
Time of picking. picked. Beuines Sree 
Series A: : ee Odile Pencernt. 
tet Ble HOS oe ete eas is SISOS BAe en Tn ee eS 24.5 76 140 52 
CLS Big ME occhsnemenossedac seo counmsesecuccerecoddeas 28.5 83 142 56 
TOBY Ws. oke see Gan SUS ee Eee BORE ES > SOU CE aCe ae Aare 31.0 88 204 52 
1?) Tails 5 ee paged Sa ee USSR a aor ee SHO Se aE tons soe SOeaEas 32. 0 90 90 40 
9) [fh Bil. 45 .c see eRe EES oo aaa E CSE Tote ne mane 30.5 87 133 55 
4.70 Wy (COD) Pneeetass an aeeeReoscpoEesoEeaocedc. 26.0 79 180 57 
Series B: 

Oy lilo ken CU SCE ROE SRE RET ee eee rae ee aoe Nemes 15.0 59 165 65 
OG Wl S4 soecosaene SenOee aoa SEE Eee Epon om oe meee 23.5 74 103 58 
HQ) 8), als poco SO aO OUD OA BESO Seo ORM BOE ne Ser ce ene enene 29.5 85 273 50 
Le (Gritpine; clouds) 2: -Ge 2 eee cece ee ae 31.0 88 109 29 
D.B)y (ie 8S eek ya ae ee ae ene eet 35.0 95 153 30) 

32.5 91 115 30 
31.0 88 162 12 
35.0 95 248 11 
32.5 91 222 20 
30. 0 86 270 22 
21.0 70 387 34 


In order to ship the berries to Chicago under refrigeration, 1t was 
necessary to discontinue each test at 4 p.m. (series A and B, Table V1). 
A third series of tests was accordingly made on the same day as that 
of series B, in which the berries were held at air temperature at 
Hammond, La., for two days, with the results shown. (Series C, 
Table VI.) 

The results of the tests designated as series C, which parallels that 
recorded under Series B, Table VI (from 12 m. until 4 p. m.), indicate 
that berries picked late in the afternoon, after their temperature had 


° 
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fallen, kept better than those picked during the hottest part of the 
day. - 
BOTRYTIS. 
RELATION OF BOTRYTIS INFECTION TO MOISTURE CONDITIONS. 


Botrytis | is characteristically a cause of field rot of strawberries. 


It is, however, by no means of uniform importance. Its abundance 


seems to be closely correlated with moisture conditions. During 
the past three years the writers have observed three epidemics of 
Botrytis, all associated with abundant moisture. The first occurred 
in the early part of June, 1915, at the Arlington Experiment Farm, 
in Virginia. Not only were green and ripe fruits affected, but fruit 
pedicels and leaf petioles as well. 

The epidemic began during a week of almost continuous cloudy 
weather in which over 3 inches of rain fell, as indicated by the accom- 
panying report (Table VII) taken from the Monthly Meteorological 
Summary for Washington, D. C., published by the Weather Bureau 
of the United States Department of Agriculture. 


Taste VII.— Meteorological data, Washington, D. C., May 28 to June 3, 1915. 


= Temperature (° F.). Jee 
: | Precipita- | | Romgsninae 
Date. | _ tion Character of day. ot possible 
Maximum. | Minimum. | (inches). sunshine, 
76 AS He SAL iD ABA Partly cloud 37 
61 57 | 0.12 | Cloudy 0 
57 52 | 10) ies sce OM a3 0 
73 BY |iocsoseescaec Clear@=..- 90 
68 49 | -11 | Cloudy 26 
64 54 | 35 (00) oe sae do 0 
59 49 | OST/Rseee do 1 
| 


a Corrected from the published Monthly Meteorological Summary on the advice of Mr. M.C. Bennett, 
acting chief, Climatological Division, Weather Bureau. 


This infection occurred on the experimental plats of the Office of 
Horticultural and Pomological Investigations, in which a test was 
being made of more than 300 varieties of strawberries. No difference 
in the susceptibility of the different varieties could be noted. 

A strongly localized epidemic which was of special interest because 
of its evident direct relation to moisture conditions occurred at 
Hammond, La., following a rain on April 16, 1917. On one field 
known for its high yields and careful culture there was great loss from 


Botrytis. The loss was markedly greater on one side of the field 


where a grove of tall trees shaded the plants during the early part of 
the day and evaporation took place more slowly than eisewhere. 
More than half of the berries picked in this field on one day were 
discarded as culls because of Botrytis infection. The inspection of 


1 While careful comparative studies of material from various localities have not been made, the collections 
of Botrytis on strawberry fruits appear to belong to a single species, probably B. cinerea Pers. 
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fruit by many growers was unfortunately less rigid, however, and 
during a few days some shipments contained large numbers of such 
culls. 

In a field of the Russell variety in the same locality the moisture 
relation was still more evident. The soil was heavy and rather im- 
pervious, and in about 20 rows which had been coarsely cultivated 
just before the rain the ground was left rough and uneven. Following 
the rain, the water stood in poois under and around the plants in 
these rows after the smoothly packed uncultivated part of the field 
was drained and fairly dry. On the morning of April 18 a large 
proportion of the mature and green berries in the rough ground were 
infected with Botrytis, while only a small percentage of those in the 
rows on either side were diseased. 

The third and very interesting, though less marked, epidemic 
occurred at Monett, Mo., durmg May, 1917. The first examination 
of the fields in this vicinity was made Sunday, May 20, following a 
period of drought which threatened the strawberry crop. At that 
time no evidence of Botrytis could be found. During the following’ 
week there was some rainfall nearly every day and comparatively 
little clear weather, as is shown by the accompanying report of weather 
observations at the near-by station of Springfield, Mo., kindly fur- 
nished by Mr. W. B. Hare, observer at that station (Table VIII). 
Throughout the week, May 20°*to 26, strawberries in that vicinity 
were constantly under observation, and there was a more or less 
regular increase in the amount of Botrytis on the fruits, until in fruit 
picked Saturday, May 26, as many as 10 per cent of the berries i in 
some fields were fonnd to be affected by Botrytis. 


Tasie VIII.— Meteorological data, Springfield, Mo., May 20 to 27, 1917. 


Temperature (° F.) are 
Precipita- Percentage 
Date. | TREAT = _ tion Character of day. of possible 
|/Maximum.| Minimum. | “nches). sunshine. 

IMME CADE 2 eee A ee |, 72 61 0.45 Eaty, cloudy or 28 
Marat Sak FA. = salaries 68 58 NOOR Cloudiyseeeee) semerer es 20 
MBO ec Jel aoe SERED es mere 62 41 SO Ieinene Che as Ses ee Soa 0 
SUE DERE a ae a ge ae 62 40 OQnKCleam ieee Ee Re 87 
MIG Sp OM Ge ES See eee 68 51 07 | Partly cloudy....._... 44 
TUL OR ee Bes BaD Me eae ae 66 57 yb (Ole bobyee eee ee 6 
Vena (yeep ee ad 80 66 0 Cleary Sie any aise ae, 67 
TLS OTL i ce AA 67 53 TAM CLOW Gaye es eee. 7 


GROWTH OF BOTRYTIS ON STRAWBERRIES UNDER REFRIGERATION. 


As a cause of rot in transit Botrytis is of minor importance. Its 
development on ripe strawberries is so slow that it seldom does much 
damage in transit. Its presence in boxes is usually due to improper 
sorting. Most berries attacked by Botrytis can be detected and 
should be removed when the berries are packed. The importance 
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which has been attributed to Botrytis (7, p. 950) is apparently largely 
due to its frequent occurrence in strawberry fields under certain cir- 
cumstances and to its ability to produce aerial hyphe at relatively low 
temperatures. Under the conditions found in many refrigerator 
cars, strawberries affected with Botrytis often develop abundant 
fine, gray, sterile aerial hyphe, often 2 cm. or more in length. A few 
such berries on the top of a crate attract immediate attention and give 
the impression of general decay. On removal from the cool, moist 
air of the refrigerator car these aerial hyphe collapse and are replaced 
by much shorter (2 to 3 mm.) fertile hyphe, which produce mature 
spores in a short time, often within 36 hours. 

The ability of Botrytis to grow at low temperatures has been 
frequently noted. Brooks and Cooley (2, pp. 156 and 159, fig. 15) 
found that it would grow somewhat at 0° C. on corn-meal agar in 
Petri dishes and would even germinate at this temperature, while 
Fulton in the course of storage experiments on small fruits found that 
this fungus (3, p. 19) ‘grows luxuriantly im warm temperatures and 
slowly in the coldest temperatures in which the fruit can be stored 
safely without freezing.” (See also 3, pl. 1, D, and pl. 3.) 

The fact that berries destroyed by Botrytis are frequently brownish 
when théy arrive at their destination has caused some inspectors to 
apply the term ‘‘brown-rot”’ to this disease. This name is, however, 
unfortunate, since it is now customarily limited in application to a 
different class of diseases. 

In striking contrast to strawberries rotted by Rhizopus, those 
affected by Botrytis are even firmer than normal berries, retaining 
their shape even after abundant spores are produced and finally 
becoming hard and dry. For this reason, therefore, and because 
Botrytis is a field trouble rather than a rot of berries in shipment, it 
seems that the descriptive term “‘dry-rot,” already in use among 
erowers in some sections, might well be applied to this disease. 


RELATION OF BOTRYTIS TO INFECTION BY RHIZOPUS. 


In his first paper dealing with decay of strawberries in transit, 
F. L. Stevens regarded Botrytis as a primary cause of decay in transit 
and stated that ‘Botrytis initiates the decay, opening the way to 
such other saprophytes as may be present. Of such saprophytes 
Rhizopus is by far the most prominent and most abundant.” On the 
basis of a histological study of strawberries infected with these two 
fungi, one of the writers stated in 1916 that Rhizopus ordinarily 
entered strawberries through wounds and was “not dependent on 
the presence of any other fungus in its attack on strawberries during 
shipment and on the market”’ (10, p. 366). It was, of course, recog- 
nized at this time that these observations did “not preclude the 
possibility of Rhizopus sp. following in an area originally infected by 
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Botrytis sp. or some other fungus.’’ Continued study (12, p. 9) 
convinced the writers that the most common method of entrance of 
Rhizopus was through wounds. 

Later investigations (8 and 9) led Stevens to modify his earlier 
views, and in a paper published jointly with Peterson he states 
(9, p- 264) that “ Rhizopus nigricans is the fungus which, at the desti- 
nation of the berry, is most in evidence and the fungus which, in 
reality, does most of the damage to shipped berries. * * * Itis 
evident that this fungus does not attack sound berries, but is second- 
ary in its nature, following one or another of the fungi mentioned 
above or gaining entrance through some mechanical wound.’ So 
far as concerns the importance of Rhizopus and the possibility of its 
entering through wounds, this is in substantial agreement with the 
observations of the writers. 

Until the spring of 1917 no good opportunity was afforded for 
studying the effect on Rhizopus infection of previous infection by 
Botrytis. It seemed entirely probable, however, that Botrytis was 
of no particular advantage in the entrance of Rhizopus, since Rhizopus 
is very abundant in strawberries in which there is no Botrytis 
infection. 

During the epidemic of Botrytis on strawberries of the Russell 
variety in the field at Hammond, la., already described, and in 
connection with the experiments on shipping washed and unwashed 
strawberries, advantage was taken of the opportunity to test the 
shipping quality of berries from a field badly infected with Botrytis 
as compared with that of berries from a field in which little Botrytis 
appeared. A single crate was filled, half with berries from the field 
of Klondikes in which there was little Botrytis and half with berries 
trom the field of Russells in which Botrytis was so common. These 
boxes were chosen at random from lots which had been sorted and 
packed in the ordinary commercial manner. Half of each variety 
were dipped and half left as checks. All were then shipped to Chicago 
under refrigeration. The results are presented in Table III, tests 1 
and 2. 

While this observation is, of course, complicated by the fact that 
different varieties were used in the two cases, it at least shows that 
there was no marked increase in the amount of Rhizopus present 
in the berries which came from a field badly infected by Botrytis. 

Further evidence as to the relation between these fungi was ob- 
tained by actual inoculation of infected fruit from the same field. 
Berries naturally infected with Botrytis were inoculated with spores 
and mycelium of Rhizopus from pure culture. Berries which had 
only small areas infected with Botrytis were readily inoculated with 
Rhizopus in the remaining sound tissue. In no case was infection | 
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secured when Rhizopus was inoculated into an area already infected 
by Botrytis. 

During the experimental Tene between Monett, Mo., and 
St. Beale Minn., some berries attacked by Botrytis were leah? in a 
warm car, some “Hane exposed to the air, and others were surrounded 
by leaky berries on which Rhizopus nigricans was fruiting. While a 
few of the diseased berries became infected with Rhizopus, the per- 
centage of such infections was smaller than in the case of uninfected 
berries kept under similar conditions as checks. Most of the berries 
infected with Botrytis, on the contrary, became brown in color, 
firm in texture, and retained their shape for a week or more except 
for some slight shriveling. 

At Hammond, La., on April 25, 1917, boxes of apparently sound 
berries and also of berries infected with Botrytis were selected. 
These were held at room temperature, without refrigeration, for 48 
hours and then examined. Of the berries which had been apparently 
sound, 79 per cent were now typical leaks and 9 per cent showed soft 
spots due to Rhizopus infection. The berries which had shown 
lesions of Botrytis, on the other hand, now contained only 19 per 
cent of leaky berries and 9 per cent which showed small Rhizopus 
infections. In no eases were the latter apparently associated with 
the Botrytis infections. This seemed to indicate that the presence 
of Botrytis inside the berry actually mhibited to some extent the 
erowth of Rhizopus. 

Itis, of course, not impossible that Rhizopus may follow in a region 
infected by Botrytis. Since, however, the writers have not been 
able to find a case of this sort or to produce it artificially, »it may 
perhaps be pony assumed that this type of infection is relatively 


rare. 
SUMMARY. 


Leak, caused by Rhizopus nigricans, is by far the most important 
rot of strawberries after picking. 

Losses from leak can be most effectively reduced by keeping berries 
at low temperatures and by handling them carefully. 

Berries picked in the early morning are cool and less likely to 
decay than those picked during the heat of the day. 

Adequate refrigeration greatly reduces the rate of growth of 
Rhizopus nigricans in transit. 

Washing strawberries to remove dirt may have a beneficial effect 
if the berries are washed in clean water, handled with care, packed 
in the crates while still wet, and refrigeration is not too long delayed. 
Less bruising results if the berries are packed in boxes and then washed 
_ by dipping the entire box or by running water through it than if 
the berries are washed before packing and plating. 
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Botrytis sp. is characteristically a field rot of strawberries. It is 
most abundant and serious in the field under conditions of excessive 
moisture. 

Berries affected with Botrytis can be recognized at the time of 
picking and packing and should not be included in fruit intended 
for market. 

Although Botrytis is able to grow at low temperatures and fre- 
quently produces abundant aerial hyphe on strawberries in refrig- 
erator cars, its growth on ripe berries is so slow that it is of minor 
importance as a cause of rot in transit. 

It is evident that the entrance of Rhizopus into strawberries and 
the production of leak are not dependent upon previous infection by 
Botrytis. 
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INTRODUCTION. 


It was pointed out in the initial paper? of this series that while 
the information available regarding the digestibility of the various 
proteins and carbohydrates was quite extensive, much less attention 
had been given to the determination of the digestibility of the fats. 

Not only is the information regarding the digestibility of edible 
fats limited but even when studies have been reported they were sel- 
dom made under uniform conditions which permit of comparison. 
Accordingly, this investigation was undertaken to obtain the coef- 
ficients of digestibility of a large number of the edible fats, under 
experimental conditions, as nearly as possible identical for all the 
fats studied. 

Attention was first given to the animal fats, and the earlier 
papers? of this series contain reports of studies of the digestibility 
of lard, beef fat, mutton fat (kidney fats), butter, cream, and 
chicken, goose, egg yolk, brisket, and fish fats. The results indicate 
that all were well digested when eaten in amounts not in excess of 
those consumed in the ordinary dietary. More recent papers report 
studies of the digestibility of some of the better-known vegetable 

1 Prepared under the direction of C. F. Langworthy, Chief, Office of Home Economics. 

2U. S. Dept. Agr. Bul. 310 (1915), pp. 22. 

3U. S. Dept. Agr. Buls. 310 (1915), 507 (1917). 

Nore.—This bulletin records studies of the digestibility of corn oil, soy-bean oil, sun- 


flower-seed oil, Japanese mustard-seed oil, rapseed oil, and charlock oil. It is primarily of 
interest to students and investigators of food problems. 
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tats, including olive, cottonseed, peanut, coconut, and sesame oils 
and cocoa butter,t and oils expressed from the following common 
nuts: Almond, black walnut, Brazil nut, butternut, English walnut, 
hickory nut, and pecan.? The results showed that when incorporated 
in a simple mixed diet these fats could be eaten in fairly large quan- 
tities without digestive disturbances and were very completely di- 
gested. 

In continuation of these investigations this paper reports studies 
of the thoroughness of digestion of corn, soy-bean, sunflower-seed, 
Japanese mustard-seed, rapeseed, and charlock-seed oils. Edible 
corn oil has been on the market for a number of years, but the other 
oils of this group have been used in this country for food purposes in 
only a limited way as compared with olive, cottonseed, peanut, and 
coconut oils. However, all of these oils are so used in other coun- 
tries and their sikhcerine seeds are produced to a greater or less 
extent in the United States. 

For the purpose of this investigation good grades of corn, rape, 
and charlock oils were purchased in the open market. The sunflower 
oil (supped by the Drug Plant Laboratories of the Bureau of Plant 
Industry) was expressed at a commercial mill from seed grown un- 
der known conditions. The mustard and soy-bean oils were ex- 
pressed from first-quality seed in the laboratories of the Bureau of 
Chemistry. AIl of these oils were assumed to be representative of 
those ordinarily procured by the average consumer. In order that 
the oil of each kind studied should be of uniform composition, a 
quantity sufficient for the purpose of the investigation was obtained 
at the beginning of the experimental work and was thoroughly 
mixed before it was used for the test reported here. 


EXPERIMENTAL METHODS. 


The same experimental methods were employed in this investiga- 
tion as in the studies previously reported, so that the coefficients of 
digestibility here reported should be directly comparable with those 
obtained for the fats already studied. The fat was incorporated in 
a cornstarch pudding or blancmange, which was heavily flavored 
with caramel to mask any characteristic flavor of the fat under con- 
sideration. A sufficient quantity of blancmange to supply all the 
subjects for the entire test was prepared at the beginning of the 
experimental period. It was very thoroughly mixed in order to in- 
sure uniform composition and a sample was reserved for analysis. 
This blancmange formed the principal part of a simple mixed diet, 
the foods eaten with it including wheat biscuits, oranges, and sugar, 


1U. S. Dept. Agr. Bul. 505 (1917). 
2U. S. Dept. Agr. Bul. 630 (1918). 
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with tea or coffee, if a beverage other than water was desired. Pre- 
vious experiments have shown that such a diet is reasonably pala- 
table and especially suited to a study of this character. 

Other experimental conditions were the same as in the earlier 
digestion experiments with fats in which a 3-day or 9-meal test 
period proved entirely satisfactory, since it allowed the use of suffi- 
cient quantities of fat to give accurate results but was not so long that 
the diet became too monotonous. The test period was generally fol- 
lowed by a rest period of 4 days, during which the subjects were per- 
mitted to follow their usual dietary routine. The subjects of the 
digestion experiments were medical or dental students from 20 to 
40 years of age, moderately active, of good health, and normal appe- 
tites. With one or two exceptions they had served as subjects of 
experiments previously reported, and in every instance were trust- 
worthy and carried out carefully the directions given them. The 
diet during the experimental periods was limited to the prescribed 
ration and the subjects were instructed to reserve all uneaten por- 
tions of the diet for reweighing, and to observe care in the separation 
and collection of the feces. 

The total amounts of food eaten were recorded, as well as the 
weight of the feces, and samples of both food and feces were ana- 
lyzed. From the amount and composition of food and feces the per- 
centages of protein, fat, and carbohydrates digested were calculated. 
Although the subjects were not required to eat any specified amount 
of food, it was desired that the weight of fat consumed daily should 
approximate that eaten in the earlier experiments (about 100 grams 
per man per day) in order that it would be possible to compare the 
physiological action of like amounts of edible fats. In general, the 
greater part of the food served was eaten without comment, showing 
that it was acceptable to the subjects. Though no special effort was 
made to determine the limit of tolerance of any of the fats under 
consideration the tests furnish data regarding it. 


CORN OIL. 


In the commercial manufacture of cornstarch and other corn prod- 
ucts the germ is removed from the corn and remains as a by-product. 
When subjected to pressure the germ, which is more than half fat, 
yields an oil which has been used for some time for technical and 
also for culinary purposes. In a review of the present commer- 
cial production of corn oil Bailey says that, as a result of the per- 
fection of the methods of manufacture, and the careful separation of 
the germ, a very satisfactory edible oil is produced. Edible corn oil 
has been used quite extensively in the preparation of lard substitutes 
and it is now becoming quite a common household product. 


1U. 8. Dept. Agr., Yearbook Sept. 691. 
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In view of the very large amount of this oil that is produced an- 
nually, its value for edible purposes is a matter of very considerable 
interest. McPherson and Ruth? studied the possibility of the use of 
corn oil for shortening purposes and found that pastry made with 
mixtures of lard and corn oi] in amounts not exceeding 10 per cent of 
the latter was identical in quality with pastry in which lard alone 
was used. Ritter? in a report of a study of the use of corn oil as a 
fat food in the treatment of tuberculosis states: “ The ingestion of 
corn oil is well tolerated * * * and the prolonged and increasing 
dosage is always well borne by the stomach.” 

In the determinatton of the digestibility of a number of edible fats 
Moore * found that guinea pigs fed on wheat bran on which corn oil 
had been blown in a fine spray digested 86.47 per cent of the corn oil. 

In order that the corn oil studied should be representative of corn 
oil as purchased by the average consumer two lots manufactured by 
different concerns were purchased on the open market at different 
seasons of the year. Both of these oils were stored under laboratory 
conditions for a time before being used for the tests here reported. 
Experiments Nos. 389, 390, 391, and 392 were made with one of the 
oils and experiments Nos. 689, 690, and 691 were made with the 
second oil. Since no marked differences were noted, it is to be as- 
sumed that the oils were very similar in their physiological action. 

Seven experiments in which different subjects assisted are herewith 
reported, the data being summarized in the following tables: 


Data of digestion experiments with corn oil in a simple mixed diet. 


Constituents of foods. 


Experiments, subjects, and diet. Micon 

° Pro- Carbohy- Ash 

i * | drates. Fi 

Experiment No. 389, subject D. G. G.: Grams. | Grams 
Blanecmange containing COormmioll S855 Bese 786.2 11.3 
Wheat biscuit.....-.-.-...-.-.----------- Bes ae 374.9 7.8 
THULE Bees e ee aeieemia eee eee isis Osco See noes 96.4 4.2 
SUPA coc nc ee nec oa ce ceo nee aces eee S130) | Sesser 
otal foodiconsumed sasee- eee ee ese aes ener 1,338.5 23 
Sods ansetacddsccodssdoa soe sessesSeuunsese 39. I 
ona bUlized eeereer ee secrets. a ee nee ener 1, 299. 4 14.8 
Percentiitilized: sesso sce eo ses ose tee ee 97 1 63.5 

Experiment No. 390, subject A. J. H.: 

Blancmange containing Connolly aes e eee Bil Q 1, 168.3 48.1 | 320.6 | 1,019.4 14.6 
WiheatiDISCiits.soscae ce tact ce ee esecee os ane 561. 50.5 59.4 8.4 433.7 9.0 
FEU Gace oben neioeia re sein ieee eine ac,= oe eee | 1, 406. 0 1, 221.8 11.3 2.8 163.1 7.0 
SUPAD Mae Serene eisae ce oe eee eee cies Soue e's Seas 27-20 ec eeee eee seme wore soos sexe is) j\-saoccac 
Jota FOGG! COnSUM eC Wesseneme re en: == nose 4, 7 a 2,440.6 | 118.8 | 331.8 | 1,643.2 30.6 
HO MOSE EE DOSC Ne God eC SUDO OD ee ae apaeepececos)| malt ON BRE acocc 31.7 18.3 10.5 
neue MUG ZeGee ceeaeee oa aee ese baat eens eaten beeeeenee 87.1 | 313-5 | 1,602.7 20.1 
Percentitilized seer res acececst-S nso oc wee Se ware Soeeleeiee eee 73.3 94.5 97.5 65.7 


1 Ann. Rpt. Ohio Dairy and Food Comr., 21 (1906), pp. 18-23. 
2 Jour. Amer. Med. Assoc., 51 (1908), No. 1, pp. 39, 40. . 


8 Arkansas Sta. Bul. 78 (1903), pp. 33-41. 
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Data of digestion experiments with corn oil in a simple mixed diet—Continued, 


z Constituents of foods. 
Experiments, subjects, and diet. Weight = bea 
: TO- arbohy- 
Water. vein Fat. drates: Ash, 
Experiment No. 391, subject R. L. S:: Grams. | Grams. | Grams.| Grams.| Grams. | Grams. 
Blanemange containing corn oil...-...-.-.----- 1,615.0 733.9 30.2} 201.4 640.3 9.2 
ea A WISCUIta ste ae oo eee ce 2) 234.0 2001) 24.8 3.5 180.9 Sal. 
SEGUE Deemer tee oes eine oe sind oaese noe 557.0 484.0 4.5 Ui 64.6 2.8 
SRE? Colt See Be ORS e es See ea ame ee eri ede fe 4950 aeons alse Ua eee ee 49h Oul eee 
Motal food constimed 2. 25.-5s-6- 452- 4-- fesse 2, 455.0 | 1,239.0 59.5 | 206.0 934.8 15.7 
CCOSReiterain ie aaa ieiaoe ais os aisteisce aeicisecee ee Hew) Ios chose 18.3 1255 18.1 6.1 
NTR OTEPES WH MI 7216 ie i Pak Ee nO at Ses] eae [ae De ae | 41.2} 193.5 916.7 9.6 
IREHCCM iMG ZeGl = peuaaees Sete es coos Hoe. seal eee be le aseeeece 69. 2 93.9 98.1 61.1 
Experiment No. 392, subject O. E.S.: 
Blancmange containing corn oil. .==..-...---- 1,748.0 794.3 32.7 | 218.0 693.1 9.9 
\WARGRE? IGEN Se eos pen Ge SI ae Sena Be ae 356.0 32.1 37.7 5.3 275.2 5.7 
SGU Gees ene Meee ce recone eeatees sae cgee 984.0 855.1 7.9 2.0 114.1 4,9 
STE IT  = SSe ea ese ae ae le ee ASUIOS) as ee [----2eee|eeee eee UW BO ese bocce 
‘otal food)consumed =. 5-5-2. =. 222 24. Jeeee 3, 269.0 | 1,681.5 78.3 | 225.3 | 1,263.4 20.5 
GOES. a oe eee BSCE ee ne eer meee => S530) Eee ae ae S192 13.5 39.2 ited 
ANTTEXOTEROUE HU ETC oe ir ae oe ee ee Sates bei eles [See re re 47.1} 211.8 | 1,224.2 9.4 
TPP GE, Tian le Res a eee es | PSR Sea Sel [eS Renee 60.2 94.0 96.9 45.9 
Experiment No. 689, subject P. K.: 
Blanemange containing corn oil-.........------- 1,892.0 829.5 37.8 | 263.6 746.2 14.9 
WHS TADISCUNGS 5 soe se 2 ans secs sn cqsnscaeete 318.0 28.6 33.7 4.8 245.8 Bil 
EL ee eR A eee etme ee wiccis seer 424.0 368.5 3.4 0.8 49.2 2.1 
SUE s onca ged je See Bees ee aaa aa mS 221 LOS OH esrtes = cars| panes s| soon IGOR We caoeean 
Motaltoodiconsumed 222222) - 2222-22 ssa 2,790.0 | 1,226.6 74.9 | 269.2 | 1,197.2 22.1 
HH OCOS Ppa yea. eee Seco see ois Se 3d cee (ue) ||5e6 65 35c6 22.5 13.8 28.1 6.6 
SPOITOUMU ULI ZEM = aplasia sso h= = 5-5 22a ea eepe hs =s cee | eee neers 52.4 | 255.4 | 1,169.1 15.5 
eneoninutilized 9 ees. 2... 2. ei Se i SR: 70.0 | 949) 97.7| 70.1 
Experiment No. 690, subject A. A. R.: 
Blancmange containing corn oil.....-...-.-.--.- 1,815.0 795.7 36.3 | 252.8 715.9 14.3 
Wiktestabiscuitmeeees eet ke oeao-- 5-2 ee 131.0 11.8 13.9 2.0 101.2 2.1 
Si eee Uso. See 1,198.0 | 1,041.0 9.6 2.4 | 139.0 6.0 
SHEET 5 ho Soc She ASABE OE Soe EES Ber Se i DAR On| See he al ee ke ES 1242 OM Eee ses 
Total food consumed....-.- PE eh ae oa cs 3,268.0 | 1,848.5 59.8 | 257.2 | 1,080.1 22.4 
IRGCES: on COSS CEE & SC en ee er Mee oes aaee 36.6 14.2 37.3 7.9 
AI OVTTEN OLAU CCl RS ARSE Se pee ee | ee A ea Se 23.2} 243.0 | 1,042.8 | 4.5 
Percent utilized.........2...2-2-.---- by RNS EL 38.8| 94.5| 96.5 | 64.7 
Experiment No. 691, subject W. E. T.: 
Blancmange containing corn oil..-.--. Jena ae 903.0 395.9 18.1} 125.8 356.1 7.1 
We ABISCHI Tes ene ae oe een aL aces 270.0 24.3 28.6 4.1 208.7 4.3 
IRAE o oce GG eC EMS COE SE RBE OLE ASE EE Her eee 1,006.0 874.2 8.1 2.0 116.7 5.0 
BU ae oe a ee ee eg Aaa 209505 Beene 
54.8 | 131.9 | 890.5 16.4 
20.7 15.1 222, 7.0 
| 34.1] 116.8] 868.3 9.4 
62.2 | 88.6 97.5 57.3 
| 25.8 | 79.9 | 397.5 WD 


Summary of digestion experiments with corn oil in a simple mixed diet. 


Protein. 


Experi- 
ment Subject. 
No. 
389! D. 
390 | A. 
391 | R. 
392 | O. 
689 | P. 
690 | A. 
691 | W. 


Per cent. 


67.3 
73.3 
69.2 
60.2 
70.0 
38.8 
62.2 


63.0 
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On an average the subjects ate 26 grams of protein, 80 grams of 
fat, and 398 grams of carbohydrates. The fuel value of the diet 
was 2,415 ailenics The total fat of the diet, approximately 97 per 
cent of which was corn oil, was 93.5 per cent digested. When the 
usual correction for the undigested fat of the basal ration and meta- 
bolic products is made, the value 93.5 per cent for the digestibility 
of the total fat of the diet becomes 96.9 per cent for the digestibility 
of corn oil alone. In these as in all other tests, except those with 
charlock oil, the fat-rich blancmange was eaten readily and without 
comment, showing that the ‘oil as used was not unpalatable. The 
proteins and carbohydrates supplied by the diet were 63 per cent and 


97 per cent digested, respectively, values which correspond with those ~ 


obtained for these constituents in earlier experiments of this series. 

In the reports which the subjects submitted regarding their physi- 
cal condition during the experimental periods, no reference was made 
to any laxative effect resulting from the diet. On the basis of the 
results of the tests reported it may be reasonably concluded that re- 
fined corn oil, when eaten in amounts comparable with the amount of 
fat occurring in the average dietary, served satisfactorily for food 
purposes. - 

SOY-BEAN OIL. 


The soy bean (Glycine soja), prepared in a variety of ways, has 
long been a staple article of diet in the oriental countries, ranking 
very close to rice in order of importance. As a result of the long- 
continued use of this legume for food purposes, the oriental peoples 
have developed many special ways of using the protein and carbo- 
hydrate of the soy bean, some with and some without the oil. 
Though used for fuel and illuminating purposes in the Orient, much 
less attention seems to have been given ED the dietary use of the sepa- 
rated soy-bean oil. 

In the United States constantly increasing quantities of soy beans, 
imported from the Orient or produced for the most part in the cot- 
ton-grewing districts, are pressed in the cottonseed-oil mills. The 
oil is largely used for technical purposes, especial attention having 
been given to its use as a paint oil, Work which has been done 
indicates that the characteristic odor and taste of the crude oil can 
be nearly, if not entirely, eliminated by careful refining and that 
the refined oil may be used for food purposes. 

Korenchevsky and Zimmerman? made a study of the digestibility 
of soy-bean oil when eaten with a basal ration of rye bread, cabbage 
soup, and buckwheat or millet cooked as porridge. Three soldiers 
of normal health served as subjects and ate 100 grams of soy-bean 


1 Viestnik Obshch. Hig., Sudeb. i Prakt. Med., 1905, pp. 690-693. 
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oil daily, in addition to the 46 grams of fat supplied by the basal 
ration. The total fat of the diet was on the average 97 per cent 
digested. In a study of the digestibility of tofu (a soy-bean cheese), 
Oswa and Ueda‘ found the fat of the diet was 97.4 per cent digested. 
The fat eaten during this experiment was entirely supplied by the 
soy-bean tofu. In two experiments with a similar diet in which the 
tofu supplied all the fat eaten, Kano and Lishima? report that the 
fat was 95.3 per cent and 84.3 per cent digested respectively. Suchi? 
conducted an experiment to determine the digestibility of a diet of 
cooked rice and cooked tofu in which 93 per cent of the fat of the 
diet was furnished by the tofu and found that the fat was 96.5 per 
cent digested. On a diet consisting of rice, tofu, sugar, starch, and 
shoyu (soy sauce) in which 99 per cent of the total fat of the diet 
was furnished by tofu Osawa‘ found that the fat was 94.8 per cent 
digested. 

Since some difficulty was experienced in securing soy-bean oil free 
from marked odor or taste, it was decided to.express oil from cleaned 
mammoth yellow soy beans which had been grown under known con- 
ditions by the Bureau of Plant Industry. Through the courtesy of 
H. §. Bailey, oil specialist of the Bureau of Chemistry, the oil was 
expressed in a continuous process expeller type of oil press under con- 
ditions approximating quite closely those of the commercial oil mill. 
The cold-pressed oil obtained was filtered and used without any refin- 
ing. It was incorporated in the usual cornstarch blancmange and 
served as a part of the experimental diet. 

Seven experiments were made with soy-bean oil and the results 
which were obtained are reported in the following tables: 


Data of digestion experiments with soy-bean oil in a simple mixed diet. 


Constituents of foods. 


Experiments, subjects, and diet. Weight 

; "| Water Legs Fat, |Cazboby- Ash 

* | tein. * | drates. : 
Experiment No. 432, subject D. G. G.: Grams. | Grams. | Grams.| Grams.| Grams. | Grams. 
Blanemange containing soy-bean oil......--..-- 1,348.0 | 633.9 23.6 | 167.3 512.8 10.4 
Wife AIADISCHL Gare sen nae rae ss oe sae sec ect oa 300.0 | 27.0 31.8 4.5 231.9 4.8 
JETT GaSe BO ec aes os oe ee ea eae 1,173.0 | 1,019.3 9.4 2.3 136.1 5.9 
PSA ee en Sacer marc ot iecstesssecee nae | BeAseanae [a==- === =| =e IEEE eeeseces 
Motaliteod-consumed: 8 .- = 2.5 3ss 2.208 htt 3,009.0 | 1,680.2 64.8 | 174.1 | 1,068.8 Pleat 
MG ee eee Se to ee eee ee LOONOR | Perret 32.3 11.3 48.7 Wout 
Pid Oba UL ZEGee 2 motos 2a t- Sente a Ss Ses mise sales: a eal lee sass 32.5 | 162.8 | 1,020.1 13.4 
PETMCen Mize Oss sain Sion Sees paseese tee tke ee ae ane 50. 2 93.5 95.4 63.5 


| 

1U. S. Dept. Agr., Office Expt. Stas. Bul. 159 (1905), p. 150. 

2U. S. Dept. Agr., Office Expt. Stas. Bul. 159 (1905), p. 172. [Gun-i Gakko Gyofu 
(Bul. Army Med. Col), Tokyo, 1899, No. 3, p. 101.] 

2U. S. Dept. Agr. Office Expt. Stas. Bul. 159 (1905), p. 152 [Tokoy Igakukuwai Zashsi 
(Jour. Tokyo Med. Soc.), 2 (1888), pp. 457, 511.] 

4U. S. Dept. Agr., Office Expt. Stas. Bul. 159 (1905), p. 154 [Chugai Iji Shimpo (Med. 
News, foreign and domestic), Tokyo, 1889, No. 211, p. 6.] 
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Data of digestion experiments with soy-bean oil in a simple mixed diet.—Contd. 


Constituents of foods. 


Experiments, subjects, and diet. elon 5 antes { 
: TO- arbohy- 
Water peat Fat. drates: Ash. 
Experiment No. 433, subject A. J. H.: Grams, | Grams. | Grams.|Grams.} Grams, | Grams. 
Blanemange containing soy-bean oil............ 2,472.0] 1,162.6 | 43.3 306.8] 940.3 19.0 
Wines ti DISCUItS a oceania cise sn cicieecee sects oe 138.0 12.4 14.6 2.1 106. 7 2.2 
NUL Gore ctor h eis oe See oe sc HSE neta comaaiaiae 1,048. 0 910.7 8.4 2.1 121.6 baz 
(STE aR SNE atl a a RE ah oe SO a A SOROR Peels. oe lk wi. Smale mngee A5ONOE eee af 
Motalifoodiconsumed tae pss saass-eeeoe cease 3,817.0 | 2,085.7) 66.3] 311.0 |} 1,327.6 26. 4 
Meces eh ee hes teen ackaese eee eee een se HL jiecseceece 35. 2 23.6 37.2 10.0 
Arena hain ipl Xo l os Seabee caaanodseneaomLEnacdesdeadaporcd Saseacsod 31.1} 287.4 | 1,290.4 16.4 
Percent mitilized sae Ss ee aan ae Meee 4 | eee ee ecm secee 46.9 92.4 97.2 62.1 
Experiment No. 434, subject R. L. S.: z 
Blancmange containing soy-bean oil..........-. 1, 682.0 791.1 29.4 | 208.7 639.8 13.0 
Wiheatibiscuite js 2 Ses ees meee eon Soeeea se 274.0 24.7 29.0 4.1 211.8 4.4 
Indi Ree SaeRcebeaoobsoooAcecosneasoUseouse. 571.0 496.2 4.6 1.1 66. 2 2.9 
STIS epee Re Ee aA ee pe TLOTAON |e eae: alo aanee a Smee eee 107500 |-eaeeeee 
Motaltiood|consumedsaesses=sees sarees sen aee 2,634.0 | 1,312.0 63.0] 213.9 | 1,024.8 20.3 
WGBSas sass acs mencsoo osnesccocesoosososs505aRN5 GPL (0) | sooddocs 27.1 14.8 30.9 9.2 
Amount utilized....-.-...-.-..- fete ec seers eee e| eee ee eee |e-2 eee ee 35.9 | 199.1 993: 9 ils il 
encentmitilized yeh: ote pe es. |r po See |e Pe 57.0} 93.1| 97.0] 547 
Experiment No. 435, subject O. E. S.: | aioe 
Blanemange containing soy-bean oil............ 1,670.0 785. 4 PND AW 77 635. 3 12.9 
Wheat biscuit...... NOs sascqsscsscasssosazasscHe 220.0 19.8 23.3 3.3 170.1 3.5 
ITU easier eens oe oes mee nee esemceeee vats erence 1,204.0 | 1,046.3 9.6 2.4 139.7 6.0 
SU Gale eeree steer ect ec -peaemey cine ease 2035 OM ete a2 Feral ei peors [Saeecae 20350) Seeeeeee 
Motallfoodiconsumedsees=- see ssae eee eee ee 3,297.0] 1,851.5 | 62.1] 212.9] 1,148.1 22.4 
HO COS See eer eee atte! Smieseee cee cee ne ae OOM been secis 29.4 14.9 32.7 8.0 
JXvoaXoy bho PUI ANAC Lp eas OU ARE so BeBe Abe sere a lene em Mi Ve 32.7 | 198.0} 1,115.4 14.4 
Pencentiutilizedgeeeamies! Losey Sune 6 olmes | ene pn Mice arma 52.7| 93.0| 97.2| 64.3 
Experiment No. 440, subject D. G. G.: See 
Blancmange containing soy-bean oil............ 1,398.0 649.8 26.1] 214.0 494.9 13.2 
Wiheat Ibiscuitey es. ase Heese c eset yal steroo Ae Aeead 363.0 32.7 38.5 5.4 280. 6 5.8 
RE Gomysrere ee eeanieiei= vie cialclos 2 Steers eeiniciane cto a, oe 903. 0 784. 7 (er? 1.8 104. 8 4.5 
SUSah ener eee eee eer etecree eect cree aan acer ZOU ON Aecae aoe Sccmeee beeen ec AUIS) | Baepeoce 
otal toodiconsumed ese pease aee sss =eeee eee 2,865.0 | 1,467.2} 71.8] 221.2 | 1,081.3 23.5 
INDORE 5 55 senadesnsouodscnsacasmensdsesssesseses CSO BsGaceess 28. 8 10.1 42. 6.9 
AIM OUNIEHILINIZ6 Ate Se ectio-ce nee cies Aone eee ce ceoeen ent oen cee 43.0 | 211.1 | 1,039.1 16.6 
IABP Gorhs DURUILAC le 5 oo osc oos esa daanooosmnonSdacodleccsodocsllacacosonc 59.9 95.4 96.1 70.6 
Experiment No. 441, subject A. J. H.: 
Blancmange containing soy-bean oil............ 2,193.0 | 1,019.3 41.0] 335.8 776.3 20.6 
Wiheatioiscullteesses cee ener eee see ee=ee aaa 93.0 8.4 9.8 1.4 71.9 1.5 
INDIE 4 Sooo SSuaodcnoDaO pe EddasaoceoSucoosedta 1,086. 0 943.7 8.7 2.2 126.0 5.4 
SUP alee ecteceneeceaiset eociscinisiee cisise eens ee (VN Waa gocone Saeseens bopeesaS 8450 |S eee 
Motalifood(consumed=ses=esseee sees eee sree 3,456.0 | 1,971.4 F9.5 | 339.4 | 1,058.2 27.5 
IO COS rates etysom manic ce eic nie cioicie me elie eee HOVGO ese osesce 41.9 23.0 30.9 11.2 
Amountmatilized ee aaetecera- tase eens eee peer eee semen nee 17.6 | 316.4 | 1,027.3 16.3 
Percentunilizeds esas et ae Ae eee ones (eee ne 29.6| 93.2| 97.1| 59.3 
Experiment No. 442, subject O. E. S.: ee aa 
Blancmange containing soy-bean oil............ 1, 539. 0 715.3 28.8 | 235.6 544.8 14.5 
Wiheatibiscultyessaa- 2 lemece bsecincoaccoe soon 217.0 19.5 23.0 3.3 167.7 3.5 
RUNG atin afoot neces oaeiee tne eacic dees bend 1,007.0 875.1 8.1 2.0 116.8 5.0 
PUPA wea steeeiseiiesenm ene teat etet et con so eens VASHON tee etree ee ec os ue MEO eoseose 
Motal foodiconsumede esse. 2-2-5 eee 2,911.0 | 1,609.9 59.9 | 240.9 977.3 23.0 
CCCS Uae ee peace ee Seco rinl==2is « ale cic sete 60%0))| ees 20.9 10.0 23.4 5.7 
Amountutilizedissscemeseenecas ae o-oo eee eee eee eee 39.0] 230.9 953.9 17.3 
Percent ublized ese ss eae eee Para 65.1| 95.8| 97.6| 75.2 
Average food consumed per subject per day.-..-...- 1,047.1 | 570. 4 21.3 81.6 366. 0 7.8 
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Summary of digestion experiments with soy-bean oil in a simple mixed diet. 


Experi- | Car- 
aaeae Subject. PIO oi Rat: | bohy: | Aste 
No. z drates. 

Percent. Per cent.| Per cent.| Per cent. 
“2 |, UD (Cha Crees ee eS oa AS Mee ce ae = eR hel Sa 50. 2 93.5 95. 4 63.5 
enc eae | SAP sae eRe EN. . Fhe a... . SaSSSALS. 46.9 92.4 97.2 62.1 
ABS) |) TEA UD SE SSE arene ere set ee ae a a RS oe 57.0 93.1 97.0 54.7 
A Rye eee ee RE aR Pl pee Ste SES 52.7 93.0 97.2 64.3 
Et | Dis Gia Gas er oe eee Se - Ll ears ep ner ar er 59.9 95. 4 96.1 70.6 
PPAR EV 26 oko See ee J ae ee. 2 eee oes ose 29.6 93.2 97.1 59.3 
PEAT ARO Brenan a ee ese es eo 65.1 95.8 97.6 75. 2 
ANGI ODE SSeS oR NEE ae ae Deen ene on 2 See Sees 51.6 | 93.8 96.8 64. 2 


It is shown in the summary of the data reported above for the 
seven experiments with soy-bean oil that on an average the subjects 
ate 21 grams of protein, 82 grams of fat, and 366 grams of carbo- 
hydrates, and that coefficients of digestibility of these constituents 
supplied by the diet as a whole were for protein 51.6 per cent, for 
fat 93.8 per cent, and for carbohydrates 96.8 per cent. The fuel 
value of the diet was 2,285 calories. 

The values obtained for the digestibility of total fat in the indi- 
vidual experiments agree fairly closely with one another, the major- 
ity being within 1 per cent of the average value 93.8 per cent. 

In a series of experiments? in which the basal ration was eaten 
without the addition of fat it was found that the feces resulting 
contained a certain amount of ether-soluble material. When allow- 
ance is made in the above data for the ether extract of the feces not 
resulting from the soy-bean oil the value 93.5 per cent becomes 97.5 
per cent for the digestibility of soy-bean oil alone. 

Since the subjects reported no unusual physiological effects as a 
result of this diet, and in view of the very complete utilization of 
soy-bean oil by the body, it would seem that well-refined soy-bean oil 
should prove a satisfactory food, and could be used in the same man- 
; her and quantities as other oils commonly used in the diet. 


SUNFLOWER-SEED OIL. 


It is well known that the seeds of the sunflower (Helianthus an- 
nuus), when subjected to pressure, yield a light yellow oil having 
properties quite similar to those of the common vegetable oils. Sun- 
flower-seed oil, which was used by American Indians for food pur- 
poses,’ is now little used as a food oil in the United States, the 
probable reason being the demand for the seed for poultry feeding 
and the large supply of other better-known oils. In some of the 


1U. S. Dept. Agr. Bul. 310 (1915), p. 17. 
?Iroqueis Foods and Food Preparation, Can. Dept. Mines, Geol. Survey, 86 (1916), 
p. 100. 
53022°—Bull. 687—18——_2 


10 BULLETIN 687, U. S. DEPARTMENT OF AGRICULTURE. 


European countries, however, this oil is quite extensively used and is 
an important constitutent of the dietary. According to Lewko- 
witsch* the sunflower is largely grown in southern Russia and the 
cold-pressed oil is used there for culinary purposes and for margarin 
manufacture. 

As the production of sunflower seed in this country may be ma- 
terially increased, and since no tests of the digestibility of this oil 
were found on record, the experiments here reported were made to 
determine the digestibility of sunflower-seed oil when eaten as a con- 
stituent of a uniform diet such as was served during the test periods 
with the edible fats previously studied. 

The data of the digestion experiments with sunflower-seed oil are 
included in the following tables: 


Data of digestion experiments with sunflower-seed oil in a simple mixed diet. 


Constituents of foods. 


Experiments, subjects, and diet. We 
"| water. | PTO- | wat, |Catboby-| ach 
tein * | drates 
Experiment No. 597, subject A. J. H.: Grams. | Grams. | Grams.| Grams.| Grams. | Grams. 
Blanemange containing sunflower-seed oil.....- 1, 706. 0 752. 7 61.2 | 245.2 633. 9 13.0 
Wheat ibiScuitt lacs ae set Ooi ee Se ee ere 266. 0 23. 9 28. 2 4.0 205. 6 43 
TET UED Goes Str ayaa ie saa eS eicls ae OEE 30. 0 26.1 57 1 3.5 Be 
SUP AT afte a ces eaters ae ok Se Se ea eS PRS ee Sa Miaig 2 ime al tar eae Fe a A ee an on soe ea ee ae 
Total food consumed...........-.....-.------ 2, 002. 0 802. 7 89.6 | 249.3 843. 0 17.4 
COCR EAB SOUR O SG OCUCOO UES e CHOC ESet es TocretEs = 64.0 J.....2--- 22.7 11.9 22.6 6.8 
PAMITVOUM GUN Zed). ee ee ake ee ee 2 Tete ee eis Ot eee 66.9 | 237.4 820. 4 10. 6 
Percent wtlizedis ce eae he eee Ped IO ek aie ee 74.7 95. 2 97.3 60.9 
Experiment No. 598, subject P. K.: b 3 
Blancmange containing sunflower-seed oil...... 2,326.0 | 1,026.2 83.5 | 334.3 864.3 17.7 
Wiheat biscuits se. guaccciesosckictee ae esc sean ee 365. 0 32.9 38. 7 5.5 282. 1 5.8 
Tuite Soe ae See aeeennidsiase sajaceew sec smseelse 706. 0 613.5 5.7 1.4 81.9 3.5 
PST Ras ys RO OO Ee aR eae era gee QOQKOM aa sok Segal Ses EA PA, (0) Nosccoccs 
Total food consumed...........-------------- 3,599.0 | 1,672.6 | 127.°9} 341.2 | 1,430.3 27.0 
MRO CES pera ticle Slo eis cise al esiatataintercjaiey = sisise eterna ners BBO Spee s<-s- 24.3 24.0 33. 5 6.2 
AMount atilized sys NS aS ed ae eae eal Seceecioee 103.6} 317.2 | 1,396.8 20. 8 
= = —= = 
MOTE COTUUMbILIZ eS Giza Ns Heer SSR ee EE NUE a A Re ae is 81.0 93. 0 97.7 77.0 
Experiment No. 599, subject J. C. M.: 
Blancmange containing sunflower-seed oil...... 1, 578.0 696. 2 56.6 | 226.8 586. 4 12.0 
Wihleat biscuit esas ses ccee eee eecne eee eee 236. 0 21.2 25.0 3.6 182. 4 3.8 
TUT Gee ee es he aa pee ME i a 972.0 844.7 7.8 1.9 112.7 4.9 
eee ashes ee au eS Cec ae 102; © |losassecas Jereeerec|eees eee 109. 0 |...----- 
Total food consumed..........-.-.--.-.------ 2, 895. 4 1, 562. 1 89.4 | 232.3 990. 5 20. 7 
BHO COS Se ete rete ereicnstoteajeyarcjatelas oieiwieluie cisicierd csesteute HBO eaesesoac 17.0 11.7 PH 9) 5.1 
‘Am oumt watilized e552 oe. sew ccs soe ecto aes sees tine see 72.4 | 220.6 963. 3 15.6 
Pemeent uibilized |e ae iem avalos lee lo a ae | aia Ne 81.0} 95.0] 97.3| 75.4 
Experiment No. 600, subject C. J. W.: 
Blancmange containing sunflower-seed oil...... 1, 910. 0 842. 7 68.6 | 274.5 709. 7 14.5 
Wiheatibiscuitssss ane eee ese. be a 308. 0 27. ; B2h 1, 4.6 238. 1 4.9 
De OI ne ee HOS Gan AAS Hee cies bie seein men | 948. 0 823. 8 7.6 1.9 110. 0 4.7 
SURI. gccedoonddosoodugdbooneosuosaenaguneecass NSE Web beac ado|soocosesl|paaacads 10350)| See eene 
Total food consumed........--..------------- 3, 284.0 | 1,694.2 | 108.9 | 281.0] 1,175.8 24.1 
HE CES eee Meee a nelsjecioe sitios aac ecm seer LOZNON eee sees 31.9 22.8 36.9 10. 4 
Amountiutilizedeiw casas soe ssc se eee. Se | Gee 77.0 | 258.2 | 1,138.9 13.7 
Percent utilized Mi oes es cato <2 ee oS yee 70.7| 91.9| 969] 56.8 
Average food consumed per subject per day.....-.- 981. 7 477.6 | 34.7 92.0 370.0 | 7.4 


1 Chemical Technology and Analysis of Oils, Fats, and Waxes. London: Macmillan and 
Co.. Limited, 1909. vol. 2, pp. 103-105. 
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Summary of digestion experiments with sunflower-seed oil in a simple mixed 


diet. 

eee | Subj Protein.| Fat. |,C@™Po | ash,” 

ment ubject. rotein. at. hydrates, sh. 
Per cent.| Per cent.| Per cent.| Per cent. 
Oia | WACK M Lor: cece sess closes ete be cece esos ee cce seeeeR an 74.7 95. 2 97.3 60. 9 
OSM ieee One tele mee ciste ie ictcivicsisie'a SiSa/s Sivsemeisicie!- oc seer cients 81.0 93. 0 97.7 77.0 
FIOM | PUG tete aro cea sis Stein s Mare wlec ae ee sss Cee ee eee 81.0 95. 0 97.3 75. 4 
GOOMIRCHUPVVe setae no teen tas PURE ke. hs 5 eR 2) Daas 8 70. 7 91.9 96. 9 56. 8 
PASVI CLA RC eye tees are eta leycyciniciuieis als isialsieeietetaley oie oinjeisis Sisteisieiciels 76.9 93. 8 97.3 67.5 


The data of the above experiments indicate that the subjects ate 
on an average 92 grams of fat daily during the test periods and that 
this was 93.8 per cent digested. Approximately 98 per cent of the 
total fat eaten, or 90 grams daily, was sunflower-seed oil. When 
allowance is made for the metabolic products and the unutilized fat 
resulting from the fat of the basal ration, the value 93.8 per cent 
obtained for the digestibility of the total fat of the diet becomes 
96.5 per cent for the digestibility of sunflower oil alone. 

The diet as a whole supplied 35 grams of protein, 92 grams of 
fat, and 370 grams of carbohydrates per man per day, the average 
fuel value being 2,450 calories. 

The subjects reported that they were in normal physical condition 
throughout the experimental period which would indicate that the 
limit of tolerance for sunflower-seed oil is in excess of a consumption 
of 90 grams daily, and that this amount is well assimilated by the 
body. 
JAPANESE MUSTARD-SEED OIL. 


Commercial mustard-seed oil occurs as a by-product of the manu- 
facture of mustard used for condimental purposes and was formerly 
obtained from the seeds of a variety of mustard plants or from a 
mixture of seeds of different varieties. As a result of the present 
unsettled commercial conditions, little if any of those varieties of 
mustard seed formerly used for condimental purposes is now im- 
ported into this country. In order to meet the demand for mustard 
the manufacturers have employed the yellow Japanese mustard seed 
to quite an extent, and as a consequence the amount of Japanese 
mustard-seed oil on the market has been very greatly increased. 

The seeds of the Japanese mustard (Brassica cernua) when sub- 
jected to pressure yield a light, brownish-yellow oil, having much 
the same characteristics as the common edible oils, and while little 
used in this country for edible purposes, should be considered as of 
interest from the standpoint of an edible oil. 

No reports of the determination of the digestibility of this oil were 
found in the literature consulted. The oil used in these experiments 
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was expressed in the laboratories of the Bureau of Chemistry from 
a good grade of cleaned mustard seed imported by that bureau. 
While it was expressed under laboratory rather than under com- 
mercial conditions, it was assumed to be quite similar to the com- 


mercial mustard-seed oil. 


The results of the tests made with unrefined oil are summarized 


in the following tables: 


Data of digestion experiments with Japanese mustard-seed oil in a simple 
mixed diet. 


Experiments, subjects, and diet. 


Experiment No. 615, subject P. K.: 
Blancmange containing mustard-seed oil 


Motaliioodicons um: cd yssas ss ee eee 
IPO COS oy Opera Le Suk vane enchant as) Aa) AO east 
Amount utilized 


Feces 


Experiment No. 617, subject C. J. W.: 
Blancmange containing mustard-seed oil 
Wheat isCuita se ee ee en eh cane ee ee 
Fruit 


Feces 


Constituents of foods. 


Weight 
of food 
3 Pro- Carbohy- 
Water. ae Fat. Aatee Ash, 

Grams. | Grams. |Grams.|Grams.| Grams. | Grams. 
2,267.0 | 1,254.8 69.4 264. 1 504. 2 174. 5: 
401.0 36.1 42.5 6.0 310.0 6.4 
661.0 574. 4 5.3 1.3 76.7 Bae 
PAUSE): ie ees Ue eo lee aie a 203508 heeeeeee 
3,532.0 | 1,865.3 i 271.4 | 1,093.9 184. 2 
873 Op Es oes 24.1 12.2 44.8 5.9 
PRK oe SPO PS Re De 93.1 259.2 | 1,049.1 | 178.3 
Sey EN Raa aes | 79.4 95.5 95.9 96.8 
1,842.0 | 1,019.5 56.4 | 214.6 409.7 141.8 
287.0 25.8 30. 4 4.3 221.9 4.6 
1,099.0 955. 0 8.8 22 127.5 8) 
DQG! ORE Ds prs GRE AAS 5 Soh eas 126208 sees 
3,354.0 | 2,000.3 95.6} 221.1 885. 1 151.9 
HOU) Veskes scans Ales Ul 7.5 57.6 8.2 
Be ha eee | or oe | 67.9 213.6 827.5 143.7 
4 Saye erm ge a eta re A A 71.0 96.6 93.5 94.6 
2,001.0 | 1,107.6 61.2 233.1) 445.0 154.1 
339.0 30.5 36.0 fy, al 262.0 5.4 
943.0 819.5 HO) 1.9 109. 4 4.7 
LTS AOR re es eh | RE apo a il. 0) \loso5-505 
3,398.0 | 1,957.6 | 104.7] 240.1] 931.4] 164.2 
1245055 soe Sk 40.6 17.7 54. 2 5 
Biba nr teas HEA ie al 64.1 222.4 877.2 152.7 
Pepe eccrine ne 61.2 92.6 -94.2 93.0 
1,142.7 647.0 35.3 81.4 323.4 55.6 


Summary of digestion experiments with Japanese mustard-seed oil in a simple 
nixced diet. 


Exper- 
5 : Carbo- 

paeny Subject. Protein.| Fat. hydrates. Ash. 
Per cent.| Per cent.| Per cent.| Per cent. 
NS | ees 2 ae et aa NE tS a Rn AL ae 79.4 95.5 95.9 96.8 
GUC al TAC LIM a arene 10 LS OR eal ieiple Nae 71.0 96. 6 93.5 94.6 
LOH Z A FROM TERAAY-e ley cr oh Co NL 8 US Oa aR IES A | aM er My Ma 61.2 92.6 94.2 93.0 
IAW CTA LORE Ear er aflctele 222 Sic: ge. LCR eRe 70.5 94.9 94.5 94.8 
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The average coefficient of digestibility of the total fat of the diet 
was found to be 94.9 per cent. While the subjects on an average 
ate only 81 grams of fat daily, over 97 per cent was mustard-seed 
oul and the value for the digestibility of the total fat is increased 
when allowance is made for the ether extract of the feces resulting 
from the basal diet to 95.8 per cent for the digestibility of mustard- 
seed oil alone. 

No attempt was made to feed larger quantities of the oil in order 
to secure data in regard to the limit of tolerance of the body for 
mustard-seed oil. In two of the experiments, Nos. 615 and 616, the 
subjects reported a slight diarrhea, and so it would seem that the 
limit of tolerance for this oil was not much in excess of 87 grams 
daily, the amount of mustard oil eaten by one of the subjects. It is 
quite possible, however, that the limit of tolerance for highly refined 
oil might be greater than that of the unrefined oil which was used. 

The protein and carbohydrates furnished by the diet were 71 per 
cent and 95 per cent digested, respectively, values which compare 
favorably with the theroughness of digestion of these constituents 
usually found in earlier tests in which the same basal ration was 
eaten. As a whole the diet supplied 35 grams of protein, 81 grams 
of fat, and 323 grams of carbohydrates daily and had a fuel value 


of 2,160 calories. 
RAPESEED OIL. 


The refined rapeseed oil of commerce is of a pale yellow color, 
possesses a characteristic taste, and is prepared from the seeds of the 
rape plant (Brassica napus). 

Though rapeseed oil is not produced in the United States to any 
extent for edible purposes, cold-pressed rapeseed oil is used in 
Europe and especially in India for food purposes. In a discussion 
of commercial rapeseed oil, Lewkowitsch? states that this oil, called 
“bread” oil, is largely used in England by bakers for greasing the 
ends of loaves of bread to prevent their sticking together when 
baked. 

No records of any direct determinations of the digestibility of this 
oil have been found in the literature consulted. However, in a study 
of the comparative digestibility of a rice and tofu diet with and 
without rapeseed oil, Suchi? found that the total fat of the diets 
was 93.9 per cent and 96.5 per cent digested, respectively. The au- 
thor, who served as the subject of the experiments, ate in the latter 
experiment approximately 58 grams of fat daily, this amount being 


1 Chemical Technology and Analysis of Oils, Fats, and Waxes. London: Macmillan and 


Co., Limited, 1909, vol. 2, p. 205. 
2U. S. Dept. Agr., Office Expt. Stas. Bul. 159 (1905), p. 153. [Tokyo Igakukwai 


Zasshi (Jour. Tokyo Med. Soc.), 2 (1888), pp. 457, 511.] 
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supplied by the rice and tofu, and in the former ate 126 grams of fat 
daily, of which 57 grams was rapeseed oil. Bertarellit conducted a 
series of digestion experiments to determine the relative nutritive 
value of margarin and butter and included an experiment in which 
the subject ate an average of 910 grams of white bread, 250 grams of 
meat, and 61.6 grams of a mixture of olive and colza (or rapeseed) 
oils. He found the total fat of the diet to be 95.82 per cent digested. 

The oil used in the experiments here reported was purchased in the 
open market and was taken to be representative of the edible rape- 
seed oil of commerce. The following tables contain the data obtained 
during the test periods with rapeseed oil: 


Data of digestion experiments with rapeseed oil in a simple mixed diet. 


Constituents of foods. 


Experiments, subjects, and diet. ween 
as Water Pro- Fat Carbohy- Ash 
‘| tein. * | drates. vase 
Experiment No. 629, subject A. F.: Grams, | Grams. | Grams.| Grams.| Grams. | Grams. 
Blanemange containing rapeseed oil.--......... 2,380.0 | 1,575.6 90.7 | 262.0 274.9 176.8 
Wiheatibiscuites.¢ oa 2a3> oc seeoemaee sees eee 291.0 26. 2 30.8 4.4 224.9 4.7 
Dibra enictosis eee eiainie ee orate ie were ieee 880. 0 764.7 7.0 1.8 102.1 4.4 
So 6 sdqdoscosasceoansbssecesnecanecdesosae s+ 15250) | Renee seodlessosoce||secoo=-- 152710) Pease see 
Total food consumed...--...-----------.-...- 3,703.0 | 2,366.5 | 128.5] 268.2) 753.9} 185.9 
SHE CES ee eee eeicmicem eer oe seen iem eae Rene HOVOME CES ge a 9.1 26. 8 5.4 
INMOUNT WbLIEZe Mee elec seecc eee ee Sacer rae ee Se eee ne ote 110.8} 259.1 727.1 180.5 
Renicentiitilized eee eee oe elie: SE Saami eae 86.2] 96.6| 96.4 97.1 
Experiment No. 630, subject P. K.: 
Blancmange containing rapeseed oil-........... 2,499.0 | 1,654.3 | 95.2] 275.2] 288.6) 185.7 
WiheatipISCuUltessses eres seeistee spasms oe eee 364. 0 32.8 38.6 5.4 281.4 5.8 
IAB SE Gd aad oa sdasSsboosESoBDE EH SsUaseSuecoon- 570.0 495.3 4.6 isa 66. 1 2.9 
WSs Soo Seg encn to scScaceabosuanssasassoaneaa- 198: OF Eee ae ae ee 19830) |Peseeee 
Motalifoodiconsumed@e= 2-2... == - aan -- ee ee 3,631.0 | 2,182.4] 138.4] 281.7| 834.1] 194.4 
GCOS He es E Se era eerie ees Saray ye ores eens CHEN R Ewe ece 27.3 11.4 46.3 6.0 
AMOUNT Ui Zed! ea ssscemnc seems eee eee eee eee eee 111.1 270.3 787.8 188. 4 
Percentiibili zed eces ese oe teeta Sane mee | ee nae | A ee 80.3 96.0 94. 4 96.9 
Experiment No. 631, subject J. C. M.: : 
Blancmange containing rapeseed oil.-.-........ 1,759.0 | 1,164.4 67.0] 193.7 203.2 130.7 
Wriheat DisCuitaseec ccc aos ccs: seen sae eee ee 291.0 26. 2 30.8 4.4 224.9 4.7 
Fruit 971.0 843.8 7.8 1.9 112.6 4.9 
Sugar 0 15250) essa 
Total food consumed 692. 7 140.3 
Feces 36.0 6.0 
Amount utilized 656. 7 134.3 
IRETICCTGAIEILI ZC Uae a arses aeons Se eer ee = Soe ee nee eee 81.3 96. 4 94.8 95.7 
Experiment No. 632, subject C. J. W.: 
Blanemange containing rapeseed oil..-.-.......- 2, 290.0 | 1,516.0 87.3 | 252.1 264.5 170.1 
Wiheat DiSCuilese emcee ose tees ne oe csleeee 420.0 37.8 44.5 6.3 324.7 6.7 
GRRL eee eee se eames oo be cedia sith renee 833.0 723.9 6.6 Us 7 96.6 4.2 
SUA ese encase eae eens oeee race see OSE ON a EE Se eto oe QB OW sees 
TovaliGodiconsime deere apes = ee aoe 3,641.0 | 2,277.7) 138.4] 260.1 783.8 181.0 : 
MC COS Re Migetises Bees eee ee ete - anche oes eee PSO eee sous 36. 4 16.3 51.0 8.3 
IAT OUTAGULGTITZO Gleesrore retorts eerie esses oso. arte Re | oie Ce ee eee 102.0) 243.8 732.8 IPE TL 
Rericeupuilzedaeee ee = ess 5 | ele. oe aaa Ne cane Waza O8a7 |) oscil Maooae 
Average food consumed per subject per day--..----- 1,179.0 738. 4 42.6 84.2 255. 4 58.4 


1Riv. Ig. e Sanit. Pub., 9 (1898), No. 15, pp. 570-579. 
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Summary of digestion experiments with rapeseed oil in a simple mixed diet. 


Experi- ; 
Tent : Subject. Protein.| Fat. Parboby: Ash. 
No. ; ess 


Per cent.| Per cent.| Per cent.| Per cent. 
86.2 96.6 96. 4 97.1 


BED | ido IB ee oe See Se eee sees oaoe Jeascsssece=4 } 

GH |! 12 i Sa Soe a ee See. oo eee meee 80.3 96.0 94.4 96.9 

Gail {|G Ge NT 8 os Sele ee ee eee ee 8 ee See 81.3 96.4 94.8 95.7 

TY || Oh dia VWSeee eSB Ses B Se eee ee Sega st do ee eee eee 73.7 93.7 93.5 95.4 
JGR OR SAS Seton Se SUnOBaGe Ee a2" Do Sep OSENeerecES 80.4 95.7 94.8 96.3 


During the test periods with rapeseed oil the subjects ate on an 
average 43 grams of protein, 84 grams of fat, and 255 grams of car- 
bohydrates daily which were 80.4 per cent, 95.7 per cent, and 94.8 
per cent digested, respectively. Less than 3 per cent of the total fat 
eaten was supplied by the basal ration and approximately 82 grams 
_of rapeseed oil was eaten by each subject daily. When allowance is 
made for that portion of the ether extract of the feces which has been 
shown to consist of metabolic products and undigested fat resulting 
from the basal ration the value 95.7 per cent obtained for the digesti- 
bility of the total fat of the diet becomes 98.8 per cent for the diges- 
tibility of rapeseed oil alone. 

In their reports of their physical condition during the test periods 
the subjects made no mention of any laxative effects resulting from 
the diet and accordingly it is assumed that the limit of tolerance for 
rapeseed oil is somewhat in excess of 84 grams, the average amount 
eaten daily by the subjects during the experiments here reported. 


CHARLOCK OIL. 


The charlock (Brassica arvensis) or wild mustard is rarely, if 
ever, cultivated in the United States, but in some localities it appears 
in the grainfields to such an extent that when the grain is thrashed 
large quantities of charloek seed are present in the grain. 

When such grain is cleaned at the elevators wheat screenings or 
what is commonly referred to as “dockage” by the elevator men is 
obtained. These screenings ordinarily contain a wide variety of 
weed seeds, including charlock. The charlock is later separated 
from the other weed seeds by the feed dealers who buy the “ dock- 
age” to obtain the wild oats and other feed seed which it contains. 
It has been estimated that charlock seed is obtained in this way in 
sufficient quantities to warrant its use for commercial purposes. 

Charlock seed, when subjected to pressure, yields an oil very simi- 
lar in properties to some of the common edible oils, but has, when 
unrefined, a harsh, unpleasant taste. Bailey and Burnett? studied 


1Jour. Indus. and Engin. Chem., 8 (1916), No. 5, p. 429. 
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the chemical and physical characteristics of charlock oil and state 
that it can be refined sufficiently to be edible but that at present it is 
largely used for industrial purposes. 

In view of its close resemblance to rape and mustard-seed oils, and 
since a survey of the literature revealed no information in weennd| to 
its digestibility, it seemed desirable to ‘determine the digestibility of 
this oil when eaten under conditions identical with those under 
which the other fats have been studied. A good grade of unre- 
fined commercial charlock-seed oi] believed to be representative of 
that ordinarily obtained by the consumer was purchased on the open 
market for use in the tests. 

The following tables contain the results obtained during HoT test 
periods: 


Data of digestion experiments with charlock oil in a simple mixed diet. 


Constituents of foods, 
Experiments, subjects, and diet. Wetent 
"| -water.| Fr | wat, jCatboby-| asp 
+ | tein. * | drates, : 
Experiment No. 641, subject A. F.: Grams. | Grams. | Grams.| Grams.| Grams. | Grams. 
Blancmange containing charlock oil..........-. 2,235.0 | 1,178.5 57.2 | 192.4 795.0 11.9 
Wiheat DIScuibe ss. seas secede coeeeee aaer 318.0 28.6 33. 7 4.8 245. 8 76.1 
TOT bbl PSSA ase ce EOC ant anae cases ceri esa aoe 686. 0 596. 1 5.5 1.4 79.6 3.4 
SUPA ee eee eee penne oma Dem Oe nee meme TO SHOR wale Nema ka0 | IB} Ws cscosc 
ote foodkconsumedeees eee - seco e eee eeseee 3, 432.0 | 1,803. 2 96.4] 198.6 | 1,313.4 20. 4 
DO OO ER BAe SAS GAS SOCAL SEAS n es ce Aeneas 5 85507 | Slee 24.6 12.5 38.3 9.6 
Renount TUItD TAZ, CL eee ey era AST esac acc Sn ee eer | 71.8 |} 186.1 | 1,275.1 10.8 
PEriCeMt Uti ZeGeeeoe seca ctscin ee ecse cere ei ee Rees nenilee mene oe 74.5 93. 7 97.1 52.9 
Experiment No. 642, subject P. K.: 
Blancmange containing charlock oil...-......-. 2,082.0 | 1,097.8 53.3 | 179.3 740.6 11.0 
IWiheatbIScultsssensaeeeae tes on cecuaeeeeo ones 342.0 30.8 36. 2 5.1 264. 4 5.5 
WIG UIb ES Aah ee ce ones hoes ee een csegene neu aeee 276.0 239. 8 293 0.6 32.0 1.4 
SU Cae cece ee we De a a EDU Nar eee aa LODO a iah Cac RANI SO a nem 10220) |eeeeeee 
Motaltood*consumedasaens.- 222 -sseesene ene 2,802.0 | 1,368.4] 91.7] 185.0] 1,139.0 17.9 
IMO CES Ree ai a NMS 2 cals Cay Ba Ge ee a ued, 65s0) | Saaueeene 20.1 10.5 28.7 5.7 
PATTTLOUNE MUG I Ze Hiya ae eae SES Ee Ee Ia ee hy [ee eae canes Mane ee 71.6) 174.5 | 1,110.3 12. 2 
ReTiContatilize dest es. see cele arson otek mies) eer [fee emer anne 78.1 94.3 97.5 68. 2 
Experiment No. 643, subject J. C. M.: 
Blancmange containing charlock oil........-.-- 1,916.0 | 1,010.3 49.0} 165.0 681. 5 10.2 
Wheat biscuit -| 309.0 27.8 32.8 4.6 238. 9 4.9 
IMATE So ddasasc 369. 0 320. 7 3.0 0.7 42.8 1.8 
DUSAT ar canes oe pee ee ed UR NES LAG Orn | eet Re Dy eee ne | ere et BYE fies cests- 
Total food consumed.-.--.-2--2:-..-......--. 2,748.0 | 1,358.8] 84.8] 170.3 | 1,117.2 16.9 
UIQ CoS ore coca doo sad sas GUO RED OOS ao ne emEBeaucs aa LOR eee eee 18.5 6.3 41.8 5.4 
EATMOUMGATELIZE Cees ee eS SERRE CES ae Te aA i Se | 66.3 |. 164.0 | 1,075.4 11.5 
Perycontatili ze depos se ese soe eeise Aa cee ck eee lee | Raa 78.2 96.3 96.3 68.0 
Experiment No. 644, subject A. A. R.: 
Blancmange containing charlock Oil. . 2-222. 2.2- 1,809.0 953. 9 46.3 | 155.7 643.5 9.6 
WiheatOiseuis 3) eat SUSUR Ee. Se ek eae 284. 0 25.6 30. 1 4.3 219.5 4.5 
PEUDG aera ste eine rece ee oe one meinen gue 871.0 756.9 7.0 ils 7 101. 0 4.4 
Sugabere tt eaeeace seaman ee ee D5 QAO) eee reies | es foes ssc teea 252NON Reese 
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DIGESTIBILITY OF SOME SEED OILS. IL7/ 


Summary of digestion experiments with charlock oil in a simple mixed diet. 


Experi- 
: . Carbohy- 
neat Subject. Protein.| Fat. dnatecs Ash. 


Per cent.) Per cent.| Per cent.| Per cent 
74.5 93.7 97.1 52.9 
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Because of its pronounced odor the charlock oil was not completely 
masked by the caramel and vanilla used in the cornstarch blancmange 
in which it was incorporated. Doubtless for this reason the amounts 
of charlock oil eaten were small, being only 60 grams per man per 
day on an average. Notwithstanding its odor the subjects reported 
no unusual effects as a result of the experimental diet and it may be 
assumed that unrefined charlock oil in amounts not exceeding 60 
grams daily was well tolerated. An odorless refined oil would un- 
doubtedly have been much more acceptable. 

As a whole the diet supplied 30 grams of protein, 60 grams of fat 
(of which 58 grams was charlock oil), and 399 grams of carbohy- ° 
drates and a fuel value of 2,255 calories. 

The average values obtained for the digestibility of the protein, fat, 
and carbohydrates supplied by the total diet were 74 per cent, 
94.6 per cent, and 96.7 per cent, respectively. Making allowance for 
the undigested fat resulting from the basal ration and for the meta- 
bolic products, the value 94.6 per cent for the digestibility of the 
total fat of the diet becomes 98.9 per cent for the digestibility of 
charlock oil alone, which would seem to indicate that this oil was 
very well assimilated by the body. 


SUMMARY. 


The investigations on the digestibility of the seed oils here re- 
ported include seven experiments each with corn and soy-bean oils 
and four experiments each with sunflower-seed, Japanese mustard- 
seed, rapeseed, and charlock-seed oils. In each ease the oils were 
incorporated in a cornstarch blancmange and eaten in conjunction 
with a uniform basal ration which supplied 2 per cent of the total 
fat eaten. Asa result of the uniformity of the experimental methods 
followed, the values obtained for the different oils permit of direct 
comparison with one another and with the values obtained for the 
digestibility of the animal and vegetable fats previously reported. 

During the test period in which the oils under consideration con- 
stituted practically the entire source of fat, the subjects ate on an 
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average 82 grams of corn oil, 80 grams of soy-bean oil, 90 grams of 
sunflower-seed oil, 79 grams of Japanese mustard-seed oil, 82 grams 
of rapeseed oil, and 58 grams of charlock oil per person per day. 

After allowance had been made for the metabolic products and un- 
digested fat resulting from the basal ration, the coefficients of digesti- 
bility were found to be—for corn oil, 96.8 per cent; for soy-bean oil, 
97.5 per cent; for sunflower-seed oil, 96.5 per cent; for Japanese 
mustard-seed oil, 98.8 per cent; for rapeseed oil, 98.9 per cent, and 
for charlock oil, 98.9 per cent. These values agree well with one 
another and with the values obtained with other vegetable oils in 
tests previously reported. 

No attempt was made to determine the limit of tolerance of the 
fats, but inasmuch as the subjects did not report any physiological 
disturbances as a result of eating these oils, except in experiments 
Nos. 615 and 616 with unrefined Japanese mustard-seed oil when a 
slight diarrhea was reported, it would appear that the limit of toler- 
ance for the oils was somewhat in excess of the amounts eaten. 

The carbohydrate eaten during these digestion experiments con- 
sisted largely of cornstarch, which was used as an ingredient of the 
blancmange, of sugar eaten both separately and as an ingredient of 
the blancmange, and of the carbohydrate which was supplied by the 
wheat biscuit. The coefficients of digestibility of the carbohydrate 
were 97 per cent in the corn-oil tests, 97 per cent in the soy-bean-oil 
tests, 97 per cent in the sunflower-seed-oil tests, 95 per cent in the 
Japanese mustard-seed-oil tests, 95 per cent in the rapeseed-oil tests, 
and 97 per cent in the charlock-seed-oil tests, which indicates that 
the oils under consideration exerted no unusual effect on the digesti- 
bility of carbohydrates. 

Considering the results of the digestion experiments as a whole 
it is evident that corn, soy-bean, sunflower-seed, mustard-seed, rape- 
seed, and charlock-seed oils are well assimilated and judged by 
their digestibility should prove satisfactory sources of fat for the 
dietary. 
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HILE BERRIES AND CHERRIES are grown to some extent 
in all States and are shipped in carload lots from a large num- 
ber of stations in 30 or more States, both producers and consumers 
are sometimes dissatisfied with the existing methods of marketing 
and distributing these fruits. Poor returns are often received for 
berries of good quality because of a reported glut in the market. 
Most growers believe that often there is no reason for glutted markets 
for berries and cherries of good quality and appearance, and thus 
they become dissatisfied with marketing conditions. Growers who 
must ship from poimts where berries are not grown in sufficient quan- 
tities to be marketed in carload lots often receive unsatisfactory 
returns because their fruit must be shipped without refrigeration 
and is sold in competition with that which is shipped from other 
points in refrigerator cars. While the larger part of some of the berry 
crops must be transported in carload lots, the agitation for direct 
marketing has caused many persons to become interested in the 
possibilities of mazketing berries and cherries by parcel post. The 
publicity that has been given the farm-to-table campaigns conducted 
by postmasters in many cities has-stimulated this interest. 

During the season of 1915 the Bureau of Markets of the United 
States Department of Agriculture, in cooperation with the Post 
Office Department, began an In eainons of- shipping berries and 
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cherries by parcel post, and many experimental shipments of straw- 
berries, blackberries, huckleberries, raspberries, and cherries have 
been made This work was planned for the purpose of ascertaining 
whether berries and cherries could be shipped in commercial crates 
by parcel post, and also to determine the various factors that operate 
for and against the successful shipping of these fruits through the 
mail. 

Most of the shipments were made to the Bureau of Markets from 
points within the first and second postal zones, which include the 
territory withi a radius of approximately 150 miles. Few ship- 
ments were made from other zones, as most of the farm produce 
that will be shipped by parcel post from producers direct to con- 
sumers will not be sent beyond the second zone. Sending perishable 
mail matter to pomts beyond the second zone often is impracticable 
because of the higher rate of postage and the increased distance. 

Inasmuch as strawberries are the most important of the small 
fruits, the experimental shipments that were made of this fruit were 
more numerous than those made of any of the other berries or of 
cherries. While it is realized that the experimental shipments of 
some of the berries were small in number and that the varying con- 
ditions make it difficult to draw definite conclusions, it is believed 
that sufficient work was done under enough different conditions to 
warrant the suggestions and conclusions here given. : 


STRAWBERRIES. 


During three seasons 485 shipments of strawberries were made 
in crates of various types and sizes. The shipments totaled 9,126 
quarts of 17 varieties of strawberries. On an average the berries were 
shipped 200 miles, while the average length of time between mailing 
and receipt of the shipments exceeded 20 hours. The cooperation 
of 63 growers located. at 41 stations in 5 States was secured. Repre- 
sentatives from the Bureau of Markets visited these growers and 
observed the methods of picking, packing, and hauling the berries. 
Data were secured as to the time the berries were picked, the amount 
of handling in picking and packing, the date and hour of shipment, 
the weather conditions, the size of the crate, and the weight of the 
shipment. When the shipments were received at the Bureau of 
Markets the berries were examined carefully and records were made 
of the weight of each shipment, the date and hour received, and the 
condition of the container and the berries. 

In making arrangements for experimental shipments, the growers 
were instructed that they need not give any more care or attention 
in picking, packing, and hauling the berries to be used in the experi- 
ments than was given ordinarily in handling the regular commercial 
shipments made by other means of transportation. Most of the 
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growers who cooperated in making the experimental shipments fol- 
lowed these instructions, but.a few who had berries of extra size and 
quality and were vitally interested in the success of the experiment 
asked and were given permission to use special care in handling their 
shipments. Not enough of these special shipments were made to 
warrant conclusions, but the results secured indicate that uncertain 
weather conditions and possibilities of careless handling while in 
transit may tend to discourage the use of the parcel post for shipping 
the highest. grade of fancy select berries, which require special care 
throughout the marketing process. 

Because of heavy rains and hot weather during a large part of the 
strawberry shipping seasons of 1916 and 1917, conditions were 
unfavorable for shipping berries without refrigeration. However, 
shipments of strawberries were made by parcel post during the entire 


_ Fig. 1.—One 24-quart crate and one 16-quart crate of strawberries shipped by parcel post. 


shipping seasons, as it was desired to make experimental shipments 
under varying conditions. 

A large number of crates of berries were received in poor condi- 
tion because of unfavorable weather conditions and delay in delivery. 
However, when the weather conditions were favorable, the berries 
that had been picked and packed properly arrived in good merchant- 
able condition. Figure 1 shows two shipments of strawberries 
that were made under favorable conditions. 

-In 1915 a total of 118 crates of strawberries were received by parcel 
post, the fruit in all except 18 of these crates being received in good 
condition. 

In 1916 over one-half of the shipments arrived in unsatisfactory 
condition, chiefly because of unfavorable weather conditions. The 
shipping season was marked by heavy rains, followed by hot, clear 
days, which caused the berries to soften and scald and made it difficult 
to ship them satisfactorily even under refrigeration. 
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During the first half of the strawberry shipping season in 1917 
the weather conditions were favorable, but during the last half there 
were frequent rains and the nights were hot. Practically all of the 
shipments of strawberries that were made during the first half of the 
1917 strawberry shipping season were received in very good condi- 
tion, but nearly all of the shipments that were made during the last 
half of the season were received in unsatisfactory condition. The 
same methods of picking and packing the berries were practiced during 
the entire season, so it is evident that the difference in the condition 
of the berries when they were received was due almost entirely to 


weather conditions. 
GENERAL CONSIDERATIONS. 


An effort was made to ascertain the best shipping varieties, of 
strawberries by making a special study of the shipping qualities 
of the different varieties that were mailed to the bureau, but because 
of the differences in berries of the same variety grown under different 
conditions it was impossible to draw any definite conclusions. Many 
growers had two or more kinds of strawberries in the same field and 
it was often difficult to determine the variety of a berry that was 
grown in these fields. 

A grower who wishes to market strawberries direct to consumers 
should ship varieties the berries of which are naturally firm. Va- 
rieties with large green caps present a good appearance and often are 
preferred to berries which are superior in quality but which do not 
look so attractive. Growers should realize that consumers in buying 
farm produce judge quality largely by appearance, and that berries 
which present an attractive appearance when they reach the con- 
sumer usually will give the best satisfaction. . 

Many persons who market strawberries apparently do not ae 
that berries which are to be shipped should not be allowed to become 
as ripe as those which are to be used immediately. Because of 
weather conditions a grower can not always pick his berries at the 
proper time, but if strawberries are to be shipped by parcel post they 
should be entirely free from overripe fruit, as two or three overripe: 
berries in each quart will cause considerable damage in such ship- 
ments and also will make the entire lot unattractive upon arrival at 
destination. 

Berries which are water-soaked when they are picked or which have 
grown rapidly after a rain can not be shipped satisfactorily by parcel 
post. During hot weather, parcel-post shipments of strawberries 
usually arrive in poor condition as the berries become soft and crushed 
in transit. In such cases the berries are not attractive and must be 
used at once to prevent spoilage. ‘The successful use of the parcel 
post for shipping strawberries is governed largely by weather con- 
ditions, and difficulty often results because of frequent rains and 
high humidity during the strawberry shipping season. 
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The treatment that is given strawberries in picking and handling 
in the field, and in packing, has much to do with the damage which 
occurs when they are shipped. _Most growers are forced to employ 
unskilled laborers and children to pick berries, payment bemg made 
on the basis of the quantity picked. Unless considerable supervi- 
sion is given to such labor, it is likely that berries of nearly all degrees 
of maturity will be placed in’ the baskets. When the berries are 
ripening very rapidly they should be picked every day so that there 
will be little opportunity for the fruit to become overripe. 

During the periods when experimental shipments were made, it 
was noticed that some pickers placed in the baskets many berries 
that were picked without the caps. Berries from which the caps 
have been removed will not ship well, as they soon begin to spoil. 
Green and overripe berries also are included by careless pickers, 
especially where payment is based on the quantity rather than on 
the quality of the fruit picked. Children sometimes replace in baskets 
the berries which they pick up from overturned boxes. In such 
instances the berries usually are somewhat bruised and conditions 
for decay are encouraged. Grass and trash also are picked up 
with the fruit and their presence gives the berries an unattractive 
appearance. 

Growers who wish to ship berries direct to consumers by parcel 
post should see that care is exercised in picking and handling the 
berries in the field in order to prevent the inclusion of both green and 
overripe berries which detract much from the appea.unce of a basket 
of the fruit. 

Berries which are to be shipped by parcel post should not be handled 
after they are picked, and for this reason the supervision of the 
pickers in the field should be such as to favor the picking and packing 
of fruit of good marketable quality only. 

Some growers permit the pickers to leave berries in the sun until 
a certain number of quarts have been picked. While a picker should 
not be required to take his berries to the packing shed too frequently, 
some method should be used which will get the berries out of the sun 
soon after they are picked. In carrying the berries from the field 
to the packing shed, care should be taken that the fruit is not bruised 
or in any way injured: The packing shed should be convenient to 
the field and should be well ventilated. The person packing the 
berries should see that the baskets are well filled as the berries will 
settle considerably while they are in transit. The baskets should be 
placed carefully in the crate while both the baskets and dividers 
should be in the proper place. In order to allow all the ventilation 
possible, the covers of the crates should not be closed until the berries 
are to be hauled to the station. 
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Various kinds and sizes of containers were used in making the 
experimental shipments of strawberries. Some of the crates that 
were used are illustrated in figure 2. 

Data obtained indicate that a crate which permits ventilation is 
necessary for shipping berries by parcel post. The crates which 
gave the best results were made with slatted sides and bottoms, and 
were provided with racks or dividers to separate each layer of baskets. 


Fic, 2.—Various sizes and styles of crates used in making experimental shipments of Lerries and cherries. 


Figure 3 shows all parts and the construction of a style of crate that 
gave satisfaction in experimental shipments. 

The baskets used in these crates were the standard square berry 
baskets which are smaller at the bottom than at the top. This con- 
struction allows a circulation of air around each basket of fruit. 
Experiments were made with crates holding pint baskets as well as 
with those holding quart baskets. In a few instances the berries in 
the quart baskets arrived in better condition than those in the pint 
baskets, but in most cases no difference was noticed. — 

In nearly every shipment the berries in the top layer or tier of 
baskets were softer and had settled more than the berries in the other 
layer or layers. In the crates which were used the first season that 
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shipments were made, the top layer of baskets was not held in place 
as securely as the other layers and it was thought that the damage 
was caused by the top layer being shaken around more than the 
other layers. However, in the crates which were used the last two 
seasons, the berries in the top layer of baskets were softer and settled 
more than the berries in the other layers of baskets, notwithstanding 
the fact that the top layer of baskets was held securely in place. As 
the cover of the crate is solid and rests on the sides and ends of the 
crate, it seems certain that the damage to the berries in the top layer 
of baskets was due entirely to the fact that the top layer did not 
receive as much ventilation as the other layers. In some of the 
smaller crates which were used, space was provided for only one layer 
of baskets and in most of the shipments of berries that were received 


Fic. 3.—Veatilated crate. All parts shown; slatted sides, ends, bottom slats, covers, dividers, and baskets. 


in these crates the berries in each basket were somewhat soft and 
settled. These facts indicate that ventilation is necessary for success 
in shipping strawberries by parcel post. No doubt many persons 
who have been unsuccessful in shipping strawberries by this method 
have used crates which do not allow ventilation. 

Strawberries shipped in crates holding 16 quarts or more arrived 
in better condition than those shipped in smaller crates. Not only 
do large crates allow more ventilation than smaller crates, but they 
are doubtless handled more carefully in the mail. The use of crates 
holding less than 16 quarts can not be highly recommended for ship- 
ping strawberries by parcel post. This factor places a distinct limi- 
tation on the use of the parcel post for shipping strawberries, as many 
erowers state that they have difficulty in obtaining customers who 
Wish as many as 16 quarts of strawberries at one time. Persons who 
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wish to ship strawberries by parcel post should endeavor to get cus- 
tomers who will take a crate of berries and divide it among their 
neighbors. 

Growers who send strawberries direct to consumers should always 
use clean, new crates and baskets in order that a good appearance 
will be presented. The crates need not be made of heavy material, 
but should be strong enough to carry the berries safely. A crate 
with slatted sides and bottoms made of material which does not split 
easily is the most satisfactory. 


MAILING STRAWBERRIES. 


A crate of strawberries or any other shipment which is sent by mail 
should bear the name and address of the sender, preceded by the 
word ‘‘From.”’ This should be written legibly on the cover of the 
crate in the upper left hand corner. The full name and address of 


Fig. 4.—Unsatisfactory packages and methods cf preparing berries for shipment by parcel post. fuch 
packages do not allow ventilation and also do not comply with the regulations of the Post Office 
Department. 


the person to whom the parcel is sent should be written legibly on the 
cover of the crate or if it is written on a tag, care should be exercised 
to fasten the tag securely’ to the crate. If the parcel is sent to a city, 
complete street address should be given. The crate should be marked 
‘‘Perishable”’ so that it will be handled properly in the mail. 

The regulations of the Post Office Department state that straw- 
berries in parcels weighing less than 20 pound’ will not be accepted 
for mailing unless they are inclosed in an inner cover and strong outer 
cover of wood, metal, heavy corrugated pasteboard, or other suitable 
material, and wrapped so that nothing can escape from the package. 
As previously stated, the results of the experimental shipments made 
by this bureau prove that berries can not be shipped satisfactorily 
when packed so that they will not receive ventilation. The packages 
and methods of wrapping that are illustrated in figure 4 should be 
avoided in making parcel post shipments. 

If berries are sent in parcels weighing less than 20 pounds and are 
packed in accordance with the regulations of the Post Office Depart- 
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ment, absolutely no ventilation is allowed to the berries. Berries 
shipped in parcels weighing over 20 pounds are transported outside 
of mail bags, and this permits the use of a crate which allows ventila- 
tion. Parcels which weigh over 50 pounds can not be sent by parcel — 
post to points outside of the third postal zone, but within the first, 
second, and third zones parcels weighing 70 pounds will be accepted 
for mailing. A 32-quart crate filled with strawberries weighs over 
50 pounds if the baskets are filled. 

Further information about postal regulations may be secured from 
any postmaster. 

Persons who wish to ship strawberries by parcel post should obtain 
information relative to mail schedules in order to avoid taking them 
to the post office too long a time before mail is dispatched. Where 
it is practicable, berries should be mailed so that they will be trans- 
ported at night and will arrive in the city in time to be delivered on 
the first delivery the following morning. 

In hauling the berries to the post office a vehicle with good springs 
should be used so that the berries will not be crushed by jolting. A 
cover or shelter of some kind should be provided to protect the berries 
from the sun and dust. 

At many post offices and stations, crates of berries receive poor 
treatment after they are presented for mailing. Facilities for handling 
large parcels at many post offices and for hauling them to and from 
trains often are very poor. Mail usually is taken to the depot about 
one-half hour before the mail train is due and during the berry ship- 
ping season trains are often late. While the experimental shipments 
of strawberries were being made, berries frequently were left in the 
sun at the depot for nearly an hour. 

Whether berries shipped by parcel post will arrive in good condition 
or not depends also on the manner in which they are handled in the 
mail cars, at transfer points, and at the post offices to which they are 
sent. Persons who have been unable to ship strawberries satisfac- 
torily by parcel post should endeavor to ascertain whether the diffi- 
culty lies in the picking and packing of the fruit or in the treatment 
given parcels while in transit. 


ECONOMIC CONSIDERATIONS. 


In many places crates holding less than 32 quarts can not be ob- 
tained, while few persons in cities wish to buy 32 quarts of berries at a 
time. Some firms which manufacture berry containers carry in stock 
crates having a capacity of less than 32 quarts and often they will 
make almost any size crate desired on special order. 

A 16-quart ventilated crate, complete with baskets, usually costs 
from 19 to 25 cents, depending on the location of the grower and the 
quantity of crates which he buys at one time. The shipping weight 
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of a 16-quart crate of strawberries is from 27 to 31 pounds, and the 
postage to points within the first and second postal zones (approxi- 
mately 150 miles) is from 31 to 35 cents. Therefore the cost of the 
crate and postage for shipping 16 quarts of strawberries is from 50 
to 60 cents. The charges for postage will average about 2 cents per 
quart on a shipment of 16 quarts. For shipments of less than 16 
quarts the cost per quart for both the crate and. the postage will be 
relatively higher. 

Whether or not a grower will profit by eee ae sinha ee by 
parcel post can be decided only by giving due consideration to all 
of the various factors entering into the proposition. Some of these 
factors are the cost of marketing by this method and the net returns 
to be realized as compared with the expense and profits incidental 
to other methods of marketing, the quantity of berries to be marketed, 
the location of the shipper with reference to his post office and his 
market, and the ability of the shipper to develop and maintain a 
mail-order business. 


BLACKBERRIES. 


During 1915 and 1916, 34 experimental shipments of blackberries 
were made by parcel post. Practically all of these shipments were 
made in crates with a capacity of 16 quarts. The blackberries 
were shipped an average of 162 miles, and an average of 22 hours 
elapsed between the time the berries were shipped and the time they 
were received. During a large part of these two seasons the weather 
was very unfavorable for shipping berries by parcel post. In a 
number of instances the berries were too ripe for shipping when they 
were picked. Seven shipments were received in good condition, 
18 in fair condition, and, largely because of delay in delivery, 9 ship- 
ments were received in poor condition. The berries in 25 of the ship- 
ments were fit to use but in some instances were rather soft. 

Most of the shipments in which the berries were received in poor 
condition were made in unventilated crates. In shipping blackberries 
by parcel post the use of ventilated crates is recommended, as the 
berries undoubtedly break down from lack of ventilation in crates 
made with solid sides. While berries shipped in unventilated con- 
tainers may be fit for use on arrival at destination, they are usually 
soft and settled in the baskets and are unattractive in appearance. 

If a grower wishes to ship blackberries by parcel post, he should 
exercise care in picking and packing the berries. Carelessness in 
picking and handling blackberries sometimes causes more injury to 
the fruit than does the treatment given while in transit. Success 
in shipping blackberries is dependent largely on favorable weather 
conditions and the way in which the fruit is handled in transit. 
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The shipping weight of a 16-quart crate of blackberries is from 
27 to 30 pounds, and the charge for postage to points within the 
first and second postal zones is from 31 to 34 cents. The cost for 
crate and postage on a 16-quart crate of blackberries will vary, 
therefore, from 58 to 64 cents. It may be possible at times to ship 
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Fig. 5.—Combination shipment of blackberries, raspberries, and gooseberries. Where two or more kinds 
of berries are available such shipments may be desirable. 


more than one kind of berries in a crate such as a combination sip 
ment shown in figure 5. 

Suggestions signdy made in relation to the shipping of straw- 
berries are applicable to the shipping of blackberries. 


BLUEBERRIES OR HUCKLEBERRIES. 


Thirteen experimental shipments of huckleberries were made in 
1915. In two of these shipments corrugated paper-board boxes with 
a capacity of 2 quarts were used, while the other shipments were 
made in ventilated crates with capacities of 8 and 16 quarts. The 
berries shipped in the corrugated paper-board boxes were received in 
poor condition, as both the berries and the containers were wet and 
crushed. The damage to the berries probably was caused by the 
lack of ventilation. 
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The berries shipped in ventilated crates were received in good 
condition, except that in a few instances they were somewhat wet. 
It was observed in shipping huckleberries that it was difficult to 
keep the berries from being spilled from the baskets. (See fig. 6.) 

Baskets for shipping huckleberries are made with the veneer at 
the corners of the baskets lapped so that the berries can not escape 
from the bottom and sides of the basket. As the berries are small 
and nearly round, however, they roll easily from the top of the bas- 
kets unless something is provided as a cover, and such covering 


Fig. 6.—Huckleberries shipped by parcel post in an 8quart ventilated crate. This crate was badly 
stained by the berries spilled from the baskets in transit. 


together with the lapped corners of the baskets allow little ventila- 
tion. A crate of huckleberries in which the baskets are not covered 
so that the berries can not escape must be transported right side up in 
order to keep the berries in place. Small parcels of berries often 
are not carried in this way in the mail and frequently larger crates 
of berries are placed on end or bottom side up. 

Care must be exercised in shipping huckleberries by parcel post 
and unless particular attention is given to the selection of proper 
containers and the packing of the fruit, failure will result. 
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RASPBERRIES. 


During 1915 and 1916 experimental shipments of raspberries to 
the number of 74 were made by parcel post. Nine of these ship- 
ments were of black raspberries and the others were of red rasp- 
berries. The berries were shipped im crates of various sizes and 
types. Pint baskets were used in most of the crates, although a few 
shipments were made in crates supplied with quart baskets. The 
crates in which pint baskets were used varied in capacity from 12 to 
32 pints. The experimental shipments of raspberries were made 
over distances which averaged nearly 200 miles and an average of 18 
hours elapsed between the time the berries were shipped and the time 
they were received. 

Few of the shipments of raspberries were received in good condi- 
tion. A number of shipments were received in fair condition and 


Fig. 7.—Black raspberries shipped by parcel post. One crate contained 16 quarts and the other held 
8 quarts. These berries were picked at the proper degree of maturity and were shipped under favorable 
weather conditions. 


the berries were fit for use although they were somewhat soft. In 
most of the shipments the berries were soft and crushed and in many 
of them the berries were moldy or had become sour. 

It is necessary to use shallow containers of small capacity in the 
crates used for shipping these berries. Raspberries are of such a 
delicate texture and are of such a structure that they have a decided 
tendency to mass together and it is difficult to provide ventilation. 
The berries should be handled as little as possible after they are 
picked while crates contaming raspberries should be handled very 
carefully. Parcels sent through the mail must, of necessity, be 
handled several times and doubtless this causes much damage to 
raspberries shipped by parcel post. 

The cost of shipping raspberries by parcel post is slightly higher 
than that of shipping strawberries or blackberries because raspber- 
ries are shipped in pint baskets. A 32-pint crate complete with bas- 
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kets costs from 27 to 31 cents. The shipping weight of a 32-pint 
crate of raspberries is from 31 to 34 pounds and the postage to 


. 


Fic. 8.—Cherries shipped over 100 miles by parcel post. This style crate, holding 12 quarts, is heavier 
» than is necessary for shipments of this quantity of fruit. 

points within the first and second postal zones is from 35 to 39 cents. 

Therefore, the cost of a crate and postage for shipping 32 pints of 

i raspberries 1s from 62 to 70 cents. 
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The results of the experimental shipments of raspberries indicate 
that it is not advisable to ship raspberries by parcel post unless the 
berries are dry and firm when they are picked, are packed properly, 
are shipped under very favorable weather conditions and are care- 
fully handled in the mail. As illustrated im figure 7 it is possible 
to ship raspberries satisfactorily by parcel post if all conditions are 
favorable. However, as a general proposition the use of the parcel 
post service for shipping raspberries can not be recommended. 


CHERRIES. 


During 1915, 1916, and 1917 experimental shipments of cherries to 
the number of 229 were made by parcel post in crates with a capacity 


Fic. 9.—Cherries shipped by parcel post. The crate on the left contained 24 quarts and that on the right 
had a capacity of 16 quarts. Crates of this type usually are satisfactory for shipping cherries by 
parcel post. 


of from 4 to 32 quarts. The shipments totaled 3,266 quarts of 
cherries. An average of 17 hours elapsed between the time the 
cherries were mailed and the time they were delivered. Practically 
all of the shipments were made over distances less than 150 miles. 
_ Approximately 75 per cent of the shipments were received in a 
very satisfactory condition as no damage resulted from the treatment 
given them while in transit. Three of these shipments are illustrated 
in Figures 8 and 9. 

From 2 to 5 per cent of the cherries in 15 per cent of the shipments 
were unfit for use, and in 10 per cent of the shipments one-tenth or 
more of the cherries were damaged when they were received. Nearly 
all of the cherries that were not received in good condition had been 
picked carelessly or had become too ripe before they were picked. 


16 BULLETIN: 688, U. S. DEPARTMENT OF AGRICULTURE. 


In some of the shipments there was included a quart of cherries 
which had been picked without the stems. In such cases, although 
there was scarcely any damage to the cherries picked with the stems, 
from 25 to 90 per cent of the cherries picked without the stems were 
damaged. A comparison of cherries shipped with stems and without 
stems is shown in figure 10. 

Cherries from which the stems have been removed begin to decay 
quickly, as the removal of the stem causes a wound in fe flesh of the 
fruit, which allows the entrance of fungi, which cause cherries to 
mold or decay. Growers should exercise care in picking and packing 


Fig. 10.—Cherries shipped with stems and without stems. The fruit in the basket on the left was picked 
and shipped with the stems and was received in good condition. That in the basket on the right was 
shipped with the stems removed. About 90 per cent of the cherries showed signs of decay where the 
flesh of the fruit had been injured by the removal of the stems. 


cherries so that the skin of the fruit will be unbroken, otherwise they 
will reach the consumer in poor condition. 

Cherries that are to be shipped by parcel post should be picked by 
grasping the stem and not the cherry, and many cherries should not 
be held in the hand at one time, as this will crush or bruise the fruit 
and allow the entrance of fungi, which will cause decay or mold. 
Care should be éxercised in emptying the cherries from the vessel in 
which they are picked into the shipping container so as to avoid 
injury to the fruit. 

For shipping cherries by parcel post, a ventilated crate such as is 
recommended for shipping strawberries by parcel post, should be 
used. The shipping weight of cherries is about the same as that of 
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strawberries, so that the cost of shipping them by parcel post is 
approximately the same as that of strawberries. 

“The results of the experimental shipments of cherries show it is 
practicable from a physical standpoint to ship this fruit by parcel 
post if it is picked in the proper condition and if care is exercised in 
picking, packing, and mailing. Whether or not it is practicable from 
an economic standpoit, depends upon the particular conditions in 
each case. The grower should compare the net returns that can be 
obtained by shipping cherries by parcel post with the net returns 
that can be realized by marketing through the regular channels, and 
then use the method by which he can obtain the greatest net profit. 


OBTAINING AND RETAINING CUSTOMERS. 


A grower who desires to develop a market for berries or cherries to 
be shipped by parcel post must, of course, secure customers and carry 
on the necessary business transactions. Many producers have friends 
and relatives in cities who would be glad to receive fruit direct from 
the grower. By securing friends or relatives as customers, a grower 
should be able to secure additional customers through their recom- 
mendations. In order to retain customers, produce of high quality 
and of good appearance must be furnished and the shipper must be 
prompt and businesslike in all his transactions. 

Further information relative to securing customers and maintaining 
business relations will be found in Farmers’ Bulletin No. 922, Parcel 
Post Busmess Methods. 
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INTRODUCTION. 


In the extreme southern portion of the United States, particu- 
larly in those States bordering the Gulf of Mexico, a large pentatomid 
bug, Nezara viridula L., is a serious pest on cultivated plants. 
Important vegetable and truck crops are subject to injury and it is 
as an enemy of such crops that the species is considered in this 
article. The investigations upon which the article is based have 
been carried on principally at Baton Rouge, La.' 

Nezara viridula is here given the name of “‘the Southern green 
plant-bug.” The word ‘‘Southern” is proposed to distinguish the 
species from the closely related Nezara hilaris Say. While the 
latter is also a pest on cultivated plants, and approaches viridula in 
color, its range extends farther north in the United States than does 


that of viridula. 
NATURE OF DAMAGE. 


Both adults and nymphs feed by inserting their beaks into the 
plant tissue and extracting the plant juices, minute spots marking 
the points where the beak has punctured. The growing shoots of 
plants, and especially developing fruit, are preferred as feeding 


1 The writer wishes to acknowledge the cooperation, in this investigation, of Messrs. C. E. Smith and 
J. L. E. Lauderdale, while members of the Bureau of Entomology. The drawings of figures 4, 5,9,12,and 
13 and the photographs (figs. 1-3 and 6-8) have been prepared by Mr. W. M. Dovener of the Bureau of 
Entomology. 
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places. Attacked shoots usually wither and are either retarded in 
their growth or, in cases'of 'severe infestation, die. Such damage 
has been noted on Irish potato and sweet potato. 

In the case of immature fruit the tissue around the point where the 
beak has been inserted does not develop normally and these points 
sometimes become centers of callous.growth. The growth of devel- 
oping fruit is retarded when injured in this manner and the fruit 
often withers and drops from the plant. Injured tomatoes, 
although small and distorted, sometimes assume a yellow color. 

During 1917 injury by the nymphs to tomatoes and beans was 
demonstrated by confining nymphs with tomato fruits and grow- 
ing beans. In the case of tomato a number of small green fruits 


Fig. 1.—Injury to tomato fruit by nymphs of the Southern green plant-bug (Nezara viridula): Injured 
fruit above, normalfruit below. Developing fruit was covered with cheesecloth sacks in which nymphs 
were confined. Fruit bearing same number was approximately same size when inclosed in sacks. 


growing in the field were closely covered with cheesecloth. In 
some of these covers nymphs were placed while other fruit was left 
to serve as checks. Examination later showed that those fruits 
with which nymphs had been confined had not developed to the 
same extent as did the check fruit. In’some cases the fruits upon 
which nymphs had fed withered later and dropped from the stem. 
(See fig. 1.) 

Beans growing in flowerpots- were placed under covers. Nymphs 
were confined with some, while other plants were used as checks. 
No fruit developed on those plants upon which nymphs were allowed 
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to feed. While the amount of fruit that developed on the check 
plants was not as great as it would have been under natural field 
conditions, the effect of the feeding of the nymphs was apparent 
when plants receiving the two treatments were compared. (See 
fig. 2.) 

Seca 1916 an unusual type of injury to cauliflower was reported 
from Breaux Bridge in St. Martin Parish and from Terrebonne 
Parish, La. This was apparently due to the feeding of both adults 
and nymphs of the Southern green plant-bug. They were numerous 


Fic. 2.—Injury to beans by nymphs of Southern green plant-bug. Beans growing in flowerpots were 
placed under wire cages. No pods developed on plants at right, with which nymphs were confined. 


at and about the point where the leaf stems are attached to the main 
stalk of the plant. The stems became discolored and the leaves 
dropped prematurely. 


DESCRIPTION OF STAGES. 
THE ADULT. 


The adult (fig. 3) when viewed from above has the characteristic 
form of the family Pentatomide, which may be described as shield- 
shaped. The dorsal surface of the body is slightly, and the ventral 
surface strongly, convex. 

In living specimens the body as well as parts of the appendages are 
usually light green, the dorsal surface being somewhat darker than 
is the ventral surface. Exceptions to this may be found in the case 
of adults collected during the cooler months of the year. Such indi- 
viduals are darker in color, perhaps because of the lower temperatures 
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to which they are subjected, the light green in certain individuals 
being replaced by 
purple. Mounted 
specimens are usually 
dull green. 

There is consider- 
able variation in size, 
the average female 
being somewhat 
larger than is the 
average male. The 
sexes are differenti- 
ated by the appear- 
ance of the last ab- 
dominal segment, es- 
pecially by the pres- 
ence of a notch in the 
margin at the pos- 
terior end of the ab- 
domen of the male 
(fig.4.). This notchis 
not present on the fe- 
male (fig. 5). A tech- 


Fic. 3.—Southern green plant-bug ( Nezara viridula): Adult. Enlarged nical description fol- 
about 4 diameters. lows. 


Subovate, dorsal surface slightly convex, ventral surface strongly so. Color usually 
green, sometimes tinged with purple. Head somewhat prolonged, angular, tylus 
equalling cheeks. Eyes very dark red or black, ocelli 
appearing as tiny beads of amber. Antenna five-jointed; 
in comparative length the order is as follows: First, sec- 
ond, fifth, third, and fourth, the fourth being the longest. 
In green specimens the distal end of third antennal seg- 
ment, and at least the distal half of fourth and fifth, is 


dark, of ared or brown color. Labrum dark redor brown, py. 4——Southerngreen plant- ~ 


a dark line extending from the end of the labrum to dark bug: Ventral view of tip of 
tip of beak. Sides of pronotum nearly rectilinear. Three  2bdomea of male. Greatly 
or five white points at base of scutellum along edge of Bea 

pronotum. Black dot at each basal angle of scutellum. Distal end of tibia, and the 
tarsi, brownish. Small black dots along sides of abdomen at posterior tip of each seg- 
; ment. In purplish specimens coloration not so apparent. 
When wings are folded, entire surface of body, except mem- 
branous portion of wings, roughened by numerous punc- 
tures, especially dense on dorsal surface. Osteolar canal or 
orifice short, rather broad, truncated at apex, and not ex- 
tending more than half way to lateral margin of metapleura. 


bug: Ventral view of tip of width at shoulders 7.85 mm., ranging from 7 to 8.5 mm. 
abdomen of female. Greatly Average length of 10 females 13.15 mm., ranging from 12 to 
enlarged. = : 5 
15.5mm. Average width at shoulders 8.3 mm., ranging 
from 7.5to9.5mm. Average length of head about 2mm. 


From center of base of head to tip of abdomen 10 males — 
Fic 5.—Southern green plant- average 12.1 mm., ranging from 11 to13.5mm. Average > 
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COMPARISON WITH OTHER SPECIES OF NEZARA, 


Four species, namely, viridula L., pennsylvanica DeG., hilaris Say, 
and marginata P. B., usually have been considered as belonging to the 
genus Nezara.t Whether considered of sufficient importance to be 
a generic character, or only a spe- 
cific one, the difference in the 
shape of the orifice (osteolar canal) 
is the most satisfactory character 
for separating viridula from the 
other species. In viridula (fig. 6) 
the orifice is short, rather broad, 
truncated at the apex, and does 
not extend more than half way 
to the lateral margin of the 
metapleura. In the other three. 
peececce fig 7) it is long | ae rteemnere: ana metatuerax shoving tie of 
and curved, becoming grad- fice or osteolar canal. Coxz of legs of second 
ually evanescent, avd extends and third pairsatright. Greatly enlarged. 


almost to the posterior lateral angle of the mesopleura.? 


THE EGG. 


The egg (figs. 8 and 9) is cylindrical, rounded at the lower end and 
flattened on top. . On the top are the short, club-shaped chorial pro- 
cesses arranged in a circle and at- 
tached to the egg between the cap 
and the outer edge by their smaller 
ends. Their distal ends are bent 
toward the center of the cap. The 
writer has found the number of 
chorial processes on an egg to range 
from 28 to 32. Whitmarsh (13), 
in his description of the stages of 
Nezara hilaris, states that there are 
as Many as 65 of these processes on 


Fic. 7.— Nezara hilaris: Portion of ventral sur- : 
face of mesothorax and metathorax, showing the ess of that species. i 
the orifice or osteolar canal. Coxz of legs of The surface of the egg is rough- 
i al t right. tl] - : 
aie and third pairg a right. Greatly en- ened, with traces of hexagonal mark- 


ings. A number of eggs that the 
writer has measured gave an average height of 1.24 mm. and an 
average diameter of 0.85 mm. 


1 Some writers include viridula only under this genus, placing the other three species under the genus 
Acrosternum of Fieber. 

2 Some authorities mention other characters by which viridula may be distinguished, but the writer, 
finding some of these inconstant, considers it advisable to mention only the difference in the shape of the 
orifice. 

3 Numbers in parentheses refer to ‘‘Literature cited,” p. 26. 
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When first deposited, eggs that have been kept under observation 
were of a cream color. Later they became salmon color and just 
before hatching the crimson markings of the inclosed nymphs were 
visible through the shell, a somewhat triangular area on the head be- 
ing especially conspicuous. 

NYMPH STAGES. 


There is a marked variation in the coloration of different nymphs 
in the same period of growth and individuals vary considerably in 
coloration from day to day. The writer has observed a marked differ- 
ence in coloration of different 
individuals after the third and 
fourth molts, as indicated by 
Morrill (7) in his figures of 
nymphs in the fifth instar. 
There are found in the fourth 
and fifth instars both light and 
dark nymphs, as well as others 
of intermediate coloration. In 
the case of numerous individ- 
uals that have been under ob- 
servation it has been found 
that in the fourth instar the per- 
_ centage of nymphs of the light 
and dark types—if such they may be called—is about the same. 
Nymphs in the fifth instar belong for the most part to the light type. 

In the following descriptions the color notes should not be con- 
sidered as having too great significance. Up to and including the 
third instar these notes refer, in so far as coloration is concerned, to 
normal or average nymphs, during the summer months. For the 
nymphs in the fourth and fifth instars two forms are 
described. One represents the darkest and the other 
the lightest form that the writer has found. 

While the writer has not had the opportunity of 
examining the nymph stages of Nezara hilaris, the 
species with which viridula is most likely to be con- 
fused in the United States, it is evident from Whit- 
marsh’s (13) descriptions and figures, especially with 
regard to the coloration and markings on the dorsal Se ce ee 
surface of the adbomen, that the nymphs of hilaris lateral view, show- 
and viridula are quite distinct. In viridulathenum- 7 siege Nea 
ber and arrangement of the light-colored spots on oi aaa 
the dorsal surface of the abdomen of nymphs in the second to fifth 
instars, inclusive, are very constant (although some of them are not 
apparent in the fifth instar, as they are covered by the wing pads), and 
serve to distinguish the nymphs from those of hilaris, in which these 
spots are not present. (Figs. 10 and 11.) 


Fic. 8.—Southern green plant-bug: Egg-cluster, viewed 
from above. Enlarged about 6 diameters. 
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Dorsally the surface of the head and thorax of all stages is rough- 
ened by punctures and wrinkles. The surface of the abdomen is 
smoother, the punctures and wrinkles present being largely con- 
fined to areas around the glands and along the sides. Short sete are 
scattered over the surface of the body and appendages. The margins 


Fic. 10.—Southern green plant-bug (Nezara viridula): Nymph, fifth instar; light and dark leg 
Enlarged about 4 diameters, (Morrill.) 


of the thorax, which in the instars succeeding the first are serrated, 
are most prominent in the third and fourth instars. 

Immediately after molting the abdomen of the nymph is quite 
flat dorso-ventrally but it gradually becomes thicker, until just be- 
fore the new molt it is turgid and glistening. The nymph increases 


Fig. 11—The green plant-bug ( Nezara hilaris): Nymph, fifth instar; light and dark types. Enlarged 
about 4 diameters. (Morrill.) 


in size from the beginning to the end of any instar and the length and 
width is also increased through molting. 

Especially in the last two instars there is considerable variation in 
the size of different individuals in either stage even just after or 
before molting. This, of course, would be expected from the variation 
in size of the adults. 
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In molting the skin splits down the median line of the thorax and 
at the juncture of the head and thorax on the dorsal surface. Through 
this opening the nymph gradually works its way, leaving the entire 
covering of the body behind. 


FIRST-STAGE NYMPH. 


Ovate, strongly convex above, less so below. Body and appendages with short, 
scattered setee. Antennze, beak, and legs long and stout. Antenna four-jointed; first 
joint shortest, second and third of about equal length, fourth longest, largest at middle 
and approaching point at tip. Four-jointed beak reaching beyond base of abdomen. 
Eyes prominent. Claws simple, two in number, each with pulvillus. Divisions of 
body and segments of thorax, and to less extent segments of abdomen, marked by 
indentations along edge. 

As the nymphs issue from the eggs they are colored as follows: Eyes and a triangular 
area on top of head, one edge extending from lower point of one eye to lower point of 
other eye, crimson; remainder of head yellowish white. Thorax and abdomen golden 
vellow except for traces of transverse crimson lines which, between thorax and ab- 
domen, form a transverse band. Antenne, beak, and legs without color, nearly trans- 
parent. 

Until the time of the first molt, when the nymphs attain a length of about 1.6 mm. 
and a width of 1.1 mm., they become gradually darker. 


The following notes refer to their coloration just before molting: 
> Dorsal surface. 


Head: Eyes deep red. Triangular area on head crimson or brown. At least area 
at base light yellow. Rest of head sometimes brown or in part yellow. 

Thorax: Central portion of prothorax and mesothorax light yellow, the sides and 
rear of this area sometimes tinged with red. Sides of prothorax and mesothorax 
reddish brown or brown, with yellow sometimes present along edge. Metathorax 
reddish brown or brown. : 

Abdomen: Usually darker than head and thorax. For the most part dark brown, 
sometimes almost black. White spot on either side near base. Three glands, the 
anterior one being much narrower than the other two, reddish brown with cream- 
colored spot behind and to either side of last two. Somewhat semicircular, usually 
yellowish spot on either side of each segment, its straight edge along’ edge. 


Ventral surface. 


TTead: Light yellow tinged with red. Antenne light yellow with last segment 
somewhat dusky at tip and with crimson areas on joints near and at junctures. Beak 
light yellow with dusky tip. 

Thorax: Light yellow tinged with red. Legs of same color with last segment of 
tarsi somewhat dusky. 

Abdomen: Darker than head and thorax, having dusky tinge, especially a band 
down either side extending from edge about half way to median line, containing along 
the edge yellow semicircular spots corresponding to those found on dorsal surface. 

Sometimes the whole under surface is dusky and the coloration not as distinct as 
above indicated. 

SECOND-STAGE NYMPH. 


Shape and relative length of segments of antennz# and beak much as in first stage 
Sometimes almost entirely black after molting. 
The following color notes refer to mature individuals: 


1 See Table I, giving lengths of antennal segments, p. 11. ~ 
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Dorsal surface. 
Head: Black. 

Thorax: Black except for four yellow spots usually present, one near entire outer 
edge of prothorax and two, similarly located, on mesothorax. 

Abdomen: Dark reddish. Tubercles black. Minute light spots sometimes geet 
on median line. When present one is usually found between first and second and 
one between second and third tubercles. Four light areas, usually white, across 
base to form what approaches aband. Row of five light dots on either side of median 
line, the first and second very small and close together. Row of six light spots along 
either side of abdomen, the posterior one smallest and sometimes not apparent. All 
light spots are either white or light yellow, those over the central portion of the 
abdomen being usually yellow. Row of eight black semicircular spots along either 
edge of abdomen, one on a segment, their straight edges on line where dorsaland 
ventral surfaces of abdomen meet. Tip of abdomen black. 


Ventral surface. 


Head: Black. Antennee and beak black, except for red areas between second and 
third and third and fourth antennal joints. - . 

Thorax: Black except for yellow spots that may be present on prothorax and meso- 
thorax, corresponding to those on dorsal surface, and reddish area between coxe. 
Legs black. 

Abdomen Reddish with row of five black spots siauate from tip up median line 
and row of black spots along edge, corresponding to those on dorsal surface. Tip 
black. 

About to molt they measure approximately 3 mm. in length and 2 mm. in width, 
being widest across the abdomen. 


THIRD-STAGE NYMPH. 


Shape, coloration, and general appearance same as in second instar, though black 
may sometimes be replaced by olive green. 
When mature it measures about 3.6 mm. in length and 2.6 mm. in width across the 
abdomen. 
FOURTH-STAGE NYMPH. 


Shape as in preceding stages. The second segment of the antenna now longest. 
In this instar occur what may be termed light and dark forms as well as individuals 
of intermediate coloration. The light and dark forms are described below. When 
mature the nymph measures approximately 6.2 mm. in length and 4.7 mm. in width. 


Light form, dorsal surface. 


Head: Pale green with black border and black line on either side of tylus where it 
joins jugum. These lines extend to middle of base of head where they join small 
black area. Eyes black. 

Thorax: Pale green with few scattered black dots and other black markings. Sides 
bordered with black and with orange-colored area near edge of prothorax and one of 
same color near edge of mesothorax. ; 

- Abdomen: Darker green than head and thorax. Darkest around glands, last two 
of which are salmon colored. Four white areas along base of abdomen nearly joined 
to form what approaches a band across base. Two small white dotson median line. one 
between first and second and one between second and third glands. Row of five 
white dots on either side of median line, diverging anteriorly and converging poste- 
riorly. Row of six white dots, the posterior one much smaller than others, along 
either side of abdomen just inside connexivum. On connexivum six black-bordered, 
salmon-colored dots. 


55050° 
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Ventral surface. 


Head: Pale green with yellowish tinge anteriorly. Sides and front bordered with 
black. First joint of antenna for most part light green, others fuscous. Labrum 
fuscous, the rest of base of beak light green. Last two segments of beak fuscous. 

Thorax: Pale green with few scattered black dots and lines. Sides bordered with 
black and with orange-colored area just inside border. Femora light green. Tibize 
and tarsi dusky to fuscous. 

Abdomen: Pale yellowish green. Sides and posterior end bordered with black, 
with salmon-tinged band just inside border. Spiracles black. 


Dark form, dorsal surface. 


Head: Dark brown, nearly black, sometimes with jugum yellow. 

Thorax: Dark brown, nearly black, except for yellow area near edge of prothorax 
and one near edge of mesothorax. 

Abdomen: Dark brown, nearly black. Last two segments lighter than others 
White markings asin light form. Color of glands same as rest of ground color. Salmon- 
colored areas along connexivum absent. 


Ventral surface. 


Head: Greenish black. Beak and antennez of same color. 

Thorax: Greenish black except for yellowish areas near edge of prothorax and 
mesothorax and light, whitish band down median line under beak. Legs greenish 
black. 

Abdomen: Light yellow tinged with red and with greenish-black border at sides 
and posterior end. Row of five greenish black spots along median line. Spiracles 
black. 

FIFTH-STAGE NYMPH. 


Shape much as in preceding stages, but development of wing pads now quite pro- 
nounced and’ basal portion of abdomen in part covered by them. oo when 
mature, about 10 mm., width about 7 mm. 


Light form, dorsal surface. 


Head: Pale green with black border and a black area at base on either side of median 
line. Eyes for most part black. 

Thorax and wing-pads: Pale green with black border on sides and with few scattered 
black dots and other black markings. <A narrow orange-colored band just inside black 
border, more pronounced on prothorax. 

Abdomen: Pale yellowish green with black area about rose-colored glands. Yellow- 
ish-white, rounded spots located as follows: Two small ones on median line, one 
between first and second and one between second and third giands; row of five on 
either side, just outside median line, the third and fourth largest; row of five on either 
side near connexivum, the first sometimes covered by wing-pads. On connexivum, 
at either side of each segment, a rose-colored, black-bordered, somewhat semicircular 
area, its less curved border outward. Near posterior end of abdomen these areas ae 
well defined. 

Ventral surface. 


Much as in light form of fourth-stage nymph except that band just inside black 
border of abdomen is rose colored. 


Dark form, dorsal surface. 


Head: Juga chrome orange with black border on outside edge. Rest of head and 
eyes dark brown, nearly black. 
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Thorax: For most part dark brown, nearly black. Black-bordered, orange-colored 
areas, one near both outside edges of prothorax and one near outside edge of both 
primary wing-pads. Yellowish area along inside edge of both primary wing-pads. 

Abdomen: Dark brown, almost black.! At base a yellowish-white area on either 
side of median line. Other yellowish-white spots and rose-colored areas on connexi- 
vum as in light form. 

Ventral surface. 


Head: Olive green with black markings. Beak and antenne olive green to black, 
lightest near base. 

Thorax: Olive green with black markings except for chrome-orange areas near edge 
of prothorax and mesothorax. Legs olive green near base, becoming gradually darker 
to black tarsi. 

Abdomen: Light yellow tinged with red and with black-bordered, rose-colored areas 
on connexivum corresponding to those on dorsal surface. . Row of four greenish-black 
spots along median line. Spiracles black. 


COMPARATIVE LENGTHS OF ANTENNAL SEGMENTS OF NYMPHS AND ADULT. 


While the measurements given in the following table are taken 
from single individuals only, they indicate the comparative lengths 
of the segments in any one stage. It will be noted that the antenna 
of the nymph is made up of four segments while that of the adult is 
composed of five. In this connection it may be stated that the 
writer has seen an abnormal adult with one antenna composed of 
four segments and the other of five. 

Up to and including the third instar the fourth segment of the 
antenna is longest. In the fourth and fifth instars the second seg- 
ment is longest, while in the case of the adult the last three segments 
are of about equal length, any one being longer than either the first 
or the second segment. 


TaBLeE I.—Lengths of segments of antennx of nymphs and adults of Nezara viridula. 


Stare First Second Third Fourth Fifth. 
REBEe. segment. |segment. | segment. | segment. | segment. 
: Mm. Mm. Mm. Mm. Mm. 
ENTS TMS CATAL -...-: eee ateeicic yemiexincecieccsene 0.14 0.19 0.18 0:37 |e aere = 
Second-instar nymph ....-...-..-...--.------------- 5 5) - 40 -33 403) | Seer 
MMATG-MStan My MPH = 2. asses aes oe cits ese ie = ae 18 - 60 - 50 PUY Milne ocucoune 
OUTEn-IMStarmympn: «sees. - os ence eie eee ese - 29 1.17 - 88 150%:.|Seeeeeeeee 
BiGh-INstAn Ty AMP Ms .,2 2 sees ee ai= gio mice ele eae eles ae 44 1.71 1. 22 1.27 -| Sate 
PCT epee eee ae or:~ «epee ses eesiescacleces ee shoes 53 1.07 1.66 1.76 1.56 
DISTRIBUTION. 


Bueno (9) states that Nezara viridula is recorded ‘‘from the whole 
of Europe except the extreme north, Asia, Africa, Malaysia, Aus- 
tralia, New Zealand, South America, at least in the north, Central 
America, and enters into the United States at the south, being found 
in Texas and Florida.’’ Specimens have been seen from Cuba, Porto 
Rico, and St. Croix (U.S. Virgin Islands) in the Lesser Antilles. 


1 Jn individuals of this formexamined by the writer the general color of the dorsal surface of the abdomen 
is much darker than Morrill’s (7) figure would indicate, 
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In the United States (fig. 12) its range covers the extreme southern 
portion, although at times it occurs outside this area. In the files of 
the Bureau of Entomology there are records of its injurious occur- 
rence in South Carolina, Georgia, Florida, Alabama, Mississippi, 
Louisiana, and Texas. 
This would indicate 
that the species is 
most numerous in the 
southern portion of 
the Cotton Belt. 

From what has 
been observed in re- 


, iy y WL Mp gard to the distribu- 


tion of this species, it 
MA 


is evident that it is of 
Z foreign origin and, like 

Fia. 12.—Map showing distribution of the Southern green plant-bug 
in the United States. Shaded areasindicates probable distribution. Many others of our 


principal pests, -was 
introduced into this country many years ago. It is also obvious 
that. it would be impossible even to hazard a conjecture as to the 
source from which it obtained a foothold in the southern United 
States. : 


REVIEW OF LITERATURE. 


The species was first described as Cimex viridulus by Linnaeus (1) 
in 1758 from specimens from India and, according to Banks (6), it 
has been described since then under several other names by various 
authors. Van Duzee (5), Banks (6), and Barber (10) have mentioned 
areas and localities where it occurs and Van Duzee (5) and Parshley 
(11) have given characters by which it can be separated from closely 
related species. 

Short notes regarding Nezara viridula were published in. Insect 
Life in 1889 (2) and 1893 (8, 4). The notes published in 1893 
relate to specimens sent to Washington by correspondents in Plaque- 
mines Parish, La., and Altoona, Fla. 

In 1910 Morrill (7) included a short account of the species in Bul- 
letin 86 of the Bureau of Entomology. He mentioned the species as 
occurring on cotton, potato, and turnip, in Florida, Louisiana, and 
Texas, and gave figures of the ight and dark types of nymphs in the 
fifth instar. 

In 1912 Bueno (9) recorded the finding of the species in a green- 
house in Brooklyn, N. Y., and stated that he believed it to have 
been introduced from Europe or Florida, though he saw no reason 
why it could not establish itself in the latitude of Brooklyn inasmuch 
as it occurred in Germany and Russia. A short description was 
included and a number of food plants listed. 
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Froggatt (12), in 1916, recorded it as injuring tomato, French bean, 
and potato in New South Wales, and stated that it had appeared in 
the neighborhood of Sydney about five years previous to that date. 

Tt was mentioned by Watson (14), in 1917, as an enemy of various 
crops in Florida, being treated especially as an enemy of truck and 
garden crops. Hand collecting was referred to as a satisfactory 
method of control to be practiced in the garden. 


UNPUBLISHED RECORDS. 


Among the records in the files of the Truck-Crop Insect Investi- 
gations, Bureau of Entomology, there are several notes referring to 
injury by the southern green plant-bug. Specimens were taken at 
the time the notes were made and these have been seen by the writer. 

Mr. W. R. Beattie collected specimens at Mount Pleasant, 8. C., 
on September 23, 1907, from tomato and stated that ‘‘in numerous 
instances”’ he ‘‘found as many as 5 to 20 working on a single fruit.” 
On October 24 of the same year Mr. H. M. Russell reported severe 
injury to kumquats and Satsuma oranges in a grove of 1,000 trees 
at St. Leo, Fla., the insects apparently having migrated to the grove 
from neighboring cowpeas after these had died. The owner of the 
grove estimated that because of the injury he had lost all of his Sat- 
suma fruit and 250 boxes of kumquats. The inside of the injured 
fruit was dry and pithy. 

In a note from Brownsville, Tex., dated May 25, 1909, Messrs. 
D. K. McMillan and H. O. Marsh stated that these bugs were ‘‘ very 
abundant during ine fall and early winter on eggplant, tomato, okra, 
cabbage, and corn. 

On October 20, 1917, Mr. M. H. Carter, of Troy, Ala., sent adults 
taken from cowpeas and wrote, ‘‘they have caused thousands of 
dollars damage 1 in south Alabama this year by destroying the field- 
pea crop.’ 

Mr. H. K. Laramore wrote on November 15, 1917, sending speci- 
mens collected at Jacksonville, Tex., on turnip and rutabaga, that 
the species was very common, doing : a great deal of Jisnagege to cru- 
cifers especially”? and ‘‘I am told it is out of the question for them 
to attempt to raise late cowpeas in Cherokee County.” 

In the office records are included also other notes which, though 
unaccompanied by specimens, probably refer to this species. Dur- 
ing November, 1911, the American Sumatra Tobacco Co., of Quincy, 
Fla., wrote regarding injury that ‘‘the loss attributable to them 
can be counted into thousands of dollars.”’ In the case of tobacco it 
was stated that ‘‘wherever they sting a leaf it wilts the same and the 
leaf becomes absolutely worthless.’’ Injury to velvet beans was also 
referred to. 
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Writing from Winnfield, La., on December 8, 1914, Mr. C. P. Seab 
stated that ‘‘it is this bug which attacks the lima and string bean as 
well as the cowpea. The farmers tell me it is almost impossible to 
have any kind of beans or peas on account of this bug.”’ 

February 2, 1917, Mr. John A. Creel wrote from Clapton, Ala., 
regarding ‘‘green bugs’ that ‘‘attack peas of all varieties, velvet 
beans, peanuts, sugar cane, squash, okra, butter beans, etc.,’’ and 
stated that ‘‘they attack any kind of grain or vegetable when in the 
green stage. The vegetable or grain will, after bemg punctured, 
become hard and dry, and good for nothing.”’ 


FOOD PLANTS. 


Other writers have recorded Nezara viridula as feeding on beans, 
cotton, cowpea, Gynandropsis pentaphylla, hackberry, okra, maize, 
mulberry, orange, peas, pepper, potato, rice, sugar cane, sunflower, 
sweet potato, tomato, and turnip. We have taken it on a number 
of these plants and, in addition, on Brussels sprouts, cauliflower, 
collards, eggplant, globe artichoke, mustard, and radish. 

While little damage is recorded to some of the plants mentioned 
and while it probably does not breed on all of them, it is a quite general 
feeder. Watson (14) states that it ‘attacks nearly all garden plants.”’ 
Among vegetables the writer has found that serious injury is usually 
_ to tomato, bean, Irish potato, sweet potato, and okra. In the late 
fall and early winter the various stages are often abundant on mustard 
and turnip. They have also been observed congregated on the re- 


maining green portions of okra plants after frost. It appears that ~ 


legumes are favored as food plants. Farmers sometimes complain 
that the bugs greatly decrease the yield of seed of cowpeas by injuring 
the developing pods. Other writers mention the species as a pest on 
cotton and orange, and the records in the Bureau of Entomology, 
mentioned above, indicate that it feeds also on cabbage, corn, pee 
squash, tobacco, and velvet bean. 


SEASONAL HISTORY AND HASITS. 


HABITS OF THE ADULT. 


The adults from the last generation of nymphs, some of which 
may be found feeding at Baton Rouge until late fall and early winter, 
often congregated on mustard and turnip, usually seek hibernating 
quarters. Rosenfeld (8) lists them among the insects taken from 
Spanish moss in Louisiana during December and January. Mr. O. W. 
Rosewall, professor of entomology at the Louisiana State University, 
has informed the writer that he has taken adults durmg the winter 
months under logs on batture land of the Mississippi River near 


Baton Rouge. A few, however, may be found in the field during. 
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mild periods of weather throughout the winter. The overwintered 
adults mate in the spring and the writer has found eggs in the field 
at Baton Rouge as early as April 13. They have also been taken as 
late as November 8. 

In feeding the adults prefer, as do the nymphs, the growing shoots 
or developing fruit of their host plants. They are active and capable 
of strong flight. Morrill (7) has recorded their capture at night 
and mentions the fact that when an electric light was turned on at 
night in a room where adults were confined they became restless. 
This was verified by observations at Baton Rouge. 

When handled the adults give off a disagreeable odor. On this 
account they are sometimes spoken of as ‘‘stink-bugs.”’ 


. 


COPULATION. 


As has been noted by Whitmarsh (13) in the case of Nezara hilaris, 
the male and female of viridula usually remain in copulation for a 
considerable period of time, firmly attached to one another by the 
tips of their abdomens and with their heads facing in opposite direc- 
tions. Copulation is also repeated at intervals, as the results of 
observations on reared individuals given in Table II will show. 


OVIPOSITION. 


The eggs are placed close together in clusters which, when viewed 
from above, have much the appearance of pieces of capped honey- 
comb (fig. 8). Individual eggs are attached to one another, and the 
cluster to the surface upon which it rests, by an adhesive substance 
given off by the female at the time of oviposition. In the field the 
female prefers the underside of a leaf as a location for the egg mass, 
Egg clusters deposited outside of confinement and examined by the 
writer have with one exception been made up of from 60 to 116 eggs. 
A cluster taken on November 3 contained only 36 eggs. Rearing 
records also indicate that the females sometimes deposit their eggs 
in smaller clusters, but in such instances this may haye been due to 
their haying been disturbed while ovipositing. 


RECORDS OF REARED ADULTS IN CONFINEMENT. 


Several adults, reared from nymphs, were kept under observation 
in the insectary until their death, especially with the idea of obtaming 
data on the period of time elapsing between the time the females 
emerged from the last nymphal skin and the time of egg laying, 
the number of eggs laid, copulation, and length of life of males and 
females. These individuals were confined in jelly glasses containing 
moist sand, a male and a female being placed in each tumbler. Green 
tomatoes were used as food and the contents of the tumblers examined 
daily. Table II includes notes made on some of the pairs. 
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Several females never laid eggs. One of these issued on July 22 — 
and lived until October 30, part of the time in company with a male. — 
No eggs were found in the ovaries at death. On the other hand, 
some females that laid eggs had well-formed eggs in the ovaries at 
death. Seventy-seven eggs were found in the ovaries of the female 
of Pair L after three clusters, contaming 240 eggs in all, had been 
deposited. 

While one female deposited a cluster of eggs 19 days after becoming 
adult, the average length of this period was nearly four weeks. 
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PERIOD OF INCUBATION OF EGGS. 


Table III gives data on eggs that were laid by females in the 
insectary, in which place the eggs were also kept until they hatched. 
Jars containing the adults and eggs were examined each morning 
and the date on which eggs were noted is taken to be the date on 
which they were deposited. In a like manner the date when nymphs 
were found is taken as the date of hatching. 

The eggs composing any one cluster usually hatched at approxi- 
mately the same time. An exception to this occurred in the case of 
a cluster of eggs deposited on October 16. Nymphs issued from some 
of these on October 29, when the thermograph reached a maximum 
of 87° F. at noon. At 2 p. m.‘a “norther” caused a sudden drop in 
temperature, the thermograph registering 34° F. the next morning. 
No more nymphs were observed to issue on October 30 or 31 when 
the maximum temperatures were 53° and 63° F., respectively, but 
on November 1, when the maximum temperature was 70° F., other 
eges hatched. 

The temperatures to which the different egg clusters were exposed 
apparently governed to some extent the period of incubation, the 
period being longer for the lower temperatures. 


TAsieE I1]—Jncubation periods of egg clusters of Nezara viridula.} 


De- 7 wes De- | 
posited. Hatched. Days. posited. Hatched.| Days. “ae Hatched. | Days. 
| 
| 2 
July 22) July 28 6] Aug. 18 | Aug. 23 5 | Sept. 4 | Sept. 9 5 
July 22) July 28 6| Aug. 20 | Aug. 26 6 | Sept. 5 | Sept. 10 5 
uly 30| Aug. 4 5 | Aug. 20 | Aug. 26 6 | Sept. 6 | Sept. 12 6 
Aug. 9] Aug. 14 5 | Aug. 22 | Aug. 28 6| Sept. 6 | Sept. 12 6 
Aug. 13 | Aug. 18 5 | Aug. 22 | Aug. 28 6 | Sept. 6] Sept. 11 5 
Aug. 13 | Aug. 18 5 | Aug. 24 |. Aug. 30 6 | Sept. 18 | Sept. 25 7 
Aug. 14] Aug. 19 5 | Aug. 25} Aug. 31 6 | Sept. 27} Oct. 6 9 
Aug. 14| Aug. 19 5 | Aug. 26} Aug. 31 5 | Oct. 16 | Oct 29 | 13 
Aug. 15 | Aug. 20 5 | Sept. 2] Sept. 7 5 | Oct. 18 | Nov 22 


1 For temperatures to which eggs were exposed see figure 13. 


HABITS OF THE NYMPHS. 


The nymph issues from the egg through a circular opening at the 
top which it makes by removing the cap or lid. The brownish 
T-shaped egg-burster, by means of which the cap is removed, is 
usually left in the eggshell when the nymph emerges. 

During the first instar the nymphs ordinarily cluster together, 
often on the eggshells, and apparently do no feedmg. After the 
first molt they begin to search for food and soon become scattered. 
Subsequent to the first molt, and especially during the later instars, 
the nymphs are active and when disturbed they often seek protection 
by moving to places out of the disturber’s range of vision. They are 
found usually upon those portions of the plant on which they prefer 
to feed—the growing shoots and more especially the developing fruit. 


1 All references to ‘‘clock time’’ refer to Standard Time. 
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When handled the nymphs give off a disagreeable odor. This 
odor is scarcely perceptible in the case of nymphs in the first instar 
but increases in strength in the succeeding stages. 


PERIODS OF NYMPHAL STAGES. 


Tables IV and V are introduced to show the minimum number of 
days spent by nymphs from different egg clusters in the five instars. 
Table IV refers to nymphs kept in the office and Table V to nymphs 
kept in the insectary. The nymphs issuing from a single egg cluster 
were kept together in a cloth-covered jar containing moist sand. 
Green tomatoes were used as food and proved very satisfactory. 
Fresh ones were placed in the jars at frequent intervals in order that 
the food supply might approximate that in the field. 

The jars were examined daily, and the dates given for the different 
lots are those on which the first individual from a certain egg cluster 
issued from the egg or from a subsequent nymphal instar. It is 
assumed, therefore, that the first individual to issue from an egg 
cluster was the first to become adult. e 

Individuals from any one egg cluster spent about the same amount 
of time in either of the first two nymphal instars, but during the 
later instars the periods became less constant. Temperature condi- 
tions apparently had an important bearing over this. For instance, 
during a period of warm weather in the fall a few nymphs in a certain 
instar would molt; then the temperature would suddenly fall and 
several days of 200 weather follow, no other nymphs molting until 
this period had elapsed. Periods of sever) days, therefore, sometimes 
occurred between the time when the first and last nics appeared. 
In the fall these periods were sometimes prolonged to 30 days. 

The periods spent by the nymphs of different egg clusters in the 
succeeding instars were apparently influenced by the prevailing 
temperatures; low temperatures lengthening the periods. This can 
- be seen by comparing the dates given in Table V with the msectary 
- temperatures shown in figure 13. 


Taste 1V.—Minimum length of instars of Nezara viridula based on records of first 


individuals + 
; Second | Third | Fourth Fifth 
bor. Hatched.) instar. | instar. | instar. | instar. | “dult. 
ORME... So: EE” | RSs Se July 2| July 5| July 10] July 20) July 26] Aug. 2 
1B ENA ~~ - \Sen eee copbdae eo eaesEore Seeoee July 4] July 7] July 13 | July 19} July 29] Aug. 8 


Number of days to complete instar. 


1 Average of maximum temperatures to which nymphs were exposed, 89° F.; average cf minimum tem- 
peratures, 80° F, 
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TaBLe V.—Minimum length of instars of Nezara 


indwiduals.* 
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1 For temperatures to which nymphs were exposed see figure 13. 


NUMBER OF GENERATIONS ANNUALLY. 


As has been stated, eggs have been taken in the field at Baton 
Rouge as early as April 13, and as late as November 8, while nymphs 
in the fifth instar were observed December 23. Life-history studies 
were conducted in an insectary where both the maximum and mini- 
mum temperatures are slightly higher than those given by the 
Weather Bureau of the United States Department of Agriculture 
for Baton Rouge (fig. 13). Under these conditions it would appear 
that, while the egg and nymphal stages may be passed in about a 
month, during the summer months, adults usually do not begin 
egg-laying until nearly four weeks after molting the last nymphal 
skin. Field and insectary observations indicate that four genera- 
tions develop annually in the field at Baton Rouge. 


NATURAL ENEMIES. 


In spite of the disagreeable odor of ie species ai the genus, the 
Bureau of Biological Survey has recorded finding specimens of — 
Nezara in the stomachs of certain birds, but it appears to have been 
always hilaris that was found. WN. viridula is probably also eaten. 

Morrill (7) and Whitmarsh (13) mention the fact that the eggs of 
lilaris are parasitized by a species of Trissolcus, and it would thus 
appear that the eggs of viridula would also be attacked by this para- 
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site, although many egg clusters of viridula collected in the field 
failed to show any evidence of parasitism. 
A PARASITE. 


Trichopoda pennipes Fab.—Morrill (7) mentions the presence of 
the egg of a tachinid fly on a nymph in the fifth instar collected at 
Quincy, Fla., among a lot of 39 specimens in stages susceptible to 
parasitism by tachinids. The writer has found tachinid eggs com- 
mon on adults taken at Baton Rouge, and in all cases where the flies 
have been reared they have proved to be adults of Trichopoda 
penmipes (fig. 14), which is known 
to attack a number of the larger 
Hemiptera. Upon completing 
their growth the larve left the 
bodies of their hosts and trans- 
formed to puparia in the soil. The 
puparium is cylindrical in shape 
with rounded ends. It measures 
about 7mm. in length and 3.5 mm. 
in width and when fully colored is 
dull reddish black. 

Fiz. 14.— Trichopoda Rete a tachnid fly Of 73 adults collected on mustard 
parasitic on the Southern eres plant-bug: December 6, 1915, 13 males and 5 
Adult. Enlarged about 3 diameters. (Chit- females, or nearly 95 per cent, 
tenden.) - c ine ; 

bore tachinid eggs. Most ot the 
adults had only one egg upon them, but one had two, two three, 
and one four. Of the 26 eggs on all adults, 4 were on the dorsal 
surface and 20 on the ventral surface, while 2 were on the eyes. 

Four eggs were found on the head, 10 on the prothorax, 3 on the 

mesothorax, 2 on the metathorax, 5 on the abdomen, and 2 on the 

wing covers. An egg has also been observed on the femora of one 

of the fore legs. . 

The surface of the egg that is quite firmly attached to the host is 
usually flat. The opposite surface is strongly convex and is ellip- 
soidal in outline. The entire surface of the egg is glistening and is 
marked by minute hexagonal reticulations. The egg measures 
about 0.54 mm. in length and 0.35 mm. in width. Its color varies 
from white to gray, apparently being white when first deposited. 

PREDACIOUS ENEMIES. 


Podisus maculiventris Say.—A single instance of this common 
pentatomid bug preying upon Nezara viridula was noted in the field 
at Baton Rouge during December, 1914. This individual had a 
nymph in the fifth instar impaled on its beak. 

Euthyrhynchus floridanus L.—Among the notes in the Bureau of 
Entomology files made by the late H. M. Russell, mention is made 
of two predacious enemies observed by him in Florida during 1907. 
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Specimens of Nezara viridula accompanied the notes. At Dade 
City, on November 11, an adult of the pentatomid bug Huthyrhynchus 
floridanus was found with its rostrum thrust into a mature individual. 

Bicytes quadrifasciata Say.—Mr. 5. A. Rohwer of the Bureau of 
Entomology states that a bembecid wasp which Mr. Russell collected 
at. St. Leo, Fla., October 22, 1907, belongs to this species. The 
specimen was taken while in flight with an adult of Nezara viri- 
dula grasped in its mandibles. 


CLIMATE AS A CONTROL FACTOR. 


Whitmarsh (13) considers climate an important factor in the 
natural control of the related Nezara hilaris in Ohio. Cold winters, 
or periods of cold weather following unusually warm weather during 
the winter months, killed many individuals of that insect. Observa- 
tions made in connection with Nezara viridula in the Gulf States 
indicate that sudden drops in temperature during the winter months 
kil many individuals in the field. In Florida Mr. H. M. Russell 
found, on December 5, 1907, ‘‘a few dead adults after the freeze”’ of 
the preceding night. Writing from Brownsville, Tex., on May 25, 
1909, Messrs. D. K. McMillan and H. O. Marsh stated that the 
‘‘species has been conspicuously absent for several months, though 
very abundant during the fali and early winter * * *” and 
added ‘“‘It may be that the two freezes of January 15 and early 
February may have had some influence.” 

The writer has found that in the insectary at Baton Rouge indi- 
viduals, especially in the nymphal stages, are sometimes leilled by 
low temperatures during the winter mpc. 


METHODS OF ARTIFICIAL CONTROL. 


It is well known that the pentatomid bugs and other large plant- 
bugs are quite resistant to contact insecticides, and the experiments 
indicate that it is difficult to control the southern green plant-bug — 
by using insecticides of this type. 


SPRAYING WITH NICOTINE SULPHATE. 


Individuals in- various nymphal instars, as well as adults, have 
been drenched with dilutions of nicotine sulphate which con- 
tained 40 per cent of nicotine by weight in combination with 
yellow laundry soap at the rate of 2 pounds to 50 gallons of water, 
These individuals were then kept under observation in the insectary 
and the effects of the different mixtures upon them noted. A 
dilution of 1 part nicotine sulphate to 300 parts of water killed all 
nymphs, but even in the proportion of 1 to 100 the nicotine had 
little effect on the adults. A dilution of 1 to 600 was not effective 
against nymphs in the third, fourth, and fifth instars. On the 
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day following the treatment over 50 per cent were active, and even 
in the case of nymphs in the third instar at least 50 per cent survived. 


SPRAYING WITH KEROSENE EMULSION. 


Experiments with strong mixtures of kerosene-soap emulsion also 
eave unsatisfactory results. One part of stock solution, made up of 
kerosene and yellow laundry soap, to two parts of water did not 
kill all nymphs that were drenched with it. Undiluted kerosene, 
as would be expected, quickly killed individuals in both the nymphal 
and adult stages, 

In the experiments it was noted that nymphs which, immediately 
after being drenched with a contact insecticide, Spence showed 
signs of approaching death, recovered later. 


HAND PICKING. 


Hand picking can be done profitably where valuable vegetable 
crops are being attacked. ‘The bugs may be collected in a receptacle 
containing a little water coated with a film of kerosene, or some 
other collecting device may be used. Where the bugs occur on other 
than low-growing plants the receptacle may be a pan or wide- 
mouthed dish and the bugs may be brushed or knocked from the 
plants ito it. Collecting can be done best in the early morning, or 
during cool weather, when the bugs are sluggish. In addition to 
colleoume and desert the crates and nymphs, We destruction, of 
ege clusters is recommended. 

In order to secure a maximum reduction in the amount of. damage 
done to the plants, hand picking not only should be carefully done, 
but should be put into practice when the attack begins. 


USE OF TRAP CROPS. 


The adults are attracted to mustard and turnips during the fall, 


as indicated by the collections referred to below. These were made ~~ 


from a few plants in a garden at Baton Rouge where serious injury 
by the species is seldom noted. About 15 minutes a day were 
spent in the work, all collections being made from the same plants. 
It would appear that after the first collection the succeeding adults 
were individuals that came to the plants from the time of one collec- 
tion to the next, it being unlikely that many adults escaped at the 
time each collection was made. 

On October 24, 47 adults were collected; on Octcber 25, 81; on 
October 28, 79; and on October 31, 42. Im addition to the fore- 
going 249 adults, 148 nymphs were collected. 

The fact that nymphs and adults are often very abundant in the 
late fall on turnip and mustard suggests that a few of these plants, 
or others on which the southern green plant-bug is found to congre- 
gate, might be grown as trap crops in sections where serious injury 
occurs. The bugs might be hand picked or killed by spraying with a 
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strong contact insectide or by using a gasoline torch. Even if it 
were found necessary, in order to kill the nymphs and adults econom- 
ically, to use measures that would injure the plants, the operation 
might prove profitable in areas where serious damage occurs. Where 
the plants have not been grown especially as trap crops the destruc- 
tion of the nymphs and adults when they congregate in large numbers 
would assist materially in reducing their destructiveness. 


SUMMARY OF CONTROL MEASURES. 


It would seem that spraying with a contact insecticide is not prac- 
tical, unless employed in connection with trap crops where injury 
to the plants by the insecticide is not of importance. While it is 
possible to use mixtures strong enough to kill even the adults, the 
injurious effects of the iysecticide upon the plants, as well as their 
present cost, would have to be considered. 

The writer.is inclined to agree with Watson (14) that hand pick- 
ing is the most satisfactory control measure where valuable vegetable 
crops are seriously attacked, but for less valuable crops it is question- 
able whether this could be profitably done. 

The fact that the adults congregate on turnip and mustard late 
in the fall in Louisiana suggests that a few of these, or other plants 
upon which they congregate, might be grown to serve as a trap crop. 


GENERAL SUMMARY. 


A pentatomid bug, Nezara viridula L., here given the common 
name of the southern green plant-bug, causes severe injury to culti- 
vated crops in the southern portion of the Cotton Belt of the United 
States. Among the vegetable and truck crops injured are tomato, 
beans, Irish potato, sweet potato, okra, mustard, and turnip. 

The species is widely distributed over the world and attacks a 
great variety of plants. 

The adults and nymphs cause injury by Hoare their beaks into 
the plant tissue and extracting the juices. Young growing shoots 
and developing fruit are most seriously injured. 

Life-history studies have been carried on at Baton Rouge, La., in an 
insectary where the average maximum and minimum temperatures are 
slightly higher than those given by the United States Weather Bureau 
for the same locality. One female began egg-laying 19 days after be- 
coming adult, although the average length of this period for the several 
females under observation was about four weeks. The number of 
eggs deposited by different females varied greatly. Some laid no 
eggs, while one deposited 240 and had 77 well-developed eggs in the 
ovaries at death. The eggs are placed in clusters, and in the field 
they have been found always on the underside of leaves. These 
clusters were made up of from 36 to 116 eggs. 
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In the insectary the minimum period necessary for the incuba- 
tion of the eggs was 5 days. For the five nymphal stages the mini- 
mum periods were 3, 4, 5, 6, and 7 days, respectively, a total of 
30 days for the egg dl samen stages. The temperatures to which 
the eggs and nymphs were exposed apparently had a bearing on the 
length of the period of any stage. Development was more rapid 
during the summer than during the fall. 

Eggs have been found in the field at Baton Rouge as early as 
April 13 and as late as November 8. It is probable that in this 
latitude four generations may develop in a year. Adults are found 
hibernating during the winter months, but they also occur on plants 
in the field during mild periods of weather during this season. 

Four enemies have been observed, the tachinid fly Trichopoda 
pennipes Fab. apparently being the most important. 

As a method of control the collection and destruction of eggs, 
nymphs, and adults is recommended where valuable vegetable 
crops are attacked. Adults congregate on turnip and mustard 
during the fall and a few of these plants, or others on which 
they congregate, might be grown as trap crops in sections. where 
serious injury by the species occurs. The adults may be collected 
from these plants and destroyed. 
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INTRODUCTION. 


As information regarding the methods of marketing employed by 
the creameries in the two largest butter-producing States, Wisconsin 
and Minnesota, might be of interest to dairy farmers and of value 
to creamerymen, the marketing practices of these creameries were 
studied by the United States Department of Agriculture in coopera- 
tion with the University of Wisconsin, the University of Minnesota, 
and the Dairy and Food Department of the latter State.t In this 
bulletin the more important business phases of the marketing prac- 
tices of these creameries and the market distribution of creamery 
butter are presented. 


FACTORS WHICH INFLUENCE THE MARKETING PRACTICES OF 
CREAMERIES. 


The business operations of a creamery may be classified as those 
which are primarily (1) manufacturing practices, (2) business prac- 
tices, and (3) marketing practices. The manufacturing practices 


1 Those participating directly in the investigation were Prof. B. H. Hibbard, Asher 
Hobson, and Paul Gillen, of the University of Wisconsin, Dr. L. D. H. Weld and O. B. 
Jesness, of the University of Minnesota, and Chris Johnsen of the Minnesota Dairy and 
Food Department. 

Nore.—This bulletin should be of interest to creamery men and dairy farmers in the 
United States. 
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include primarily the technical and scientific methods of converting 
the raw material purchased into various manufactured products. 
The business practices relate particularly to the administrative or- | 
ganization, including the accounting methods for keeping records 
of the finances, the products handled, supplies purchased and used, 
and the investments in the business. The marketing practices are 
concerned chiefly with the buying of the raw material from producers 
and the marketing of the products produced. In a general way the 
buying and selling policies or practices are usually closely related to 
the business organization and management. 

For purposes of comparison from the standpoint of business organ- 
ization in its relation to the marketing practices, creameries may be 
divided into two classes; (1) cooperative; and (2) proprietary and 
noncooperative stock company corporations. As a rule, cooperative 
creameries, except when a form of patronage dividend is employed, 
do not buy the milk or cream from the farmer. At most of the 
cooperative creameries of Minnesota, and at many in Wisconsin, the 
_ raw material is received and churned into butter and after the butter 
is marketed, the cost of manufacturing, plus a small amount for a 
sinking fund, is deducted from the net return from the sale of the 
butter and-the balance is prorated among the patrons in accordance 
with the amount of butter fat each has delivered. The stock divi- 
dends are usually limited to 6 per cent, and under the cooperative 
law of Wisconsin enacted in 1911 the nonstockholder is allowed one- 
half of the trade dividend paid to the stockholder. 

Proprietary and stock company creameries usually purchase the 
butter fat from the farmers at a price based upon the quotations of 
a recognized wholesale butter market. Some operate on a basis 
which is practically cooperative by returning to the farmer the aver- 
age price received for the butter, less a fixed charge for manufac- 
turing, which varies from 2 to 4 cents per pound. Another basis 
which is used to some extent is that of allowing the creamery the 
“overrun”? as compensation for the cost of manufacturing. 

In creameries owned by an individual the marketing policies and 
practices are determined by the proprietor, while in cooperative and 
stock company creameries the board of directors usually selects a 
business manager or delegates the duties of business manager to 
one of the officers, or to the butter maker. In order to maintain the 
operating expenses at as low a figure as possible, most cooperative 
cerameries have generally limited the duties of the business manager 
of the creamery to a minimum and, therefore, those practices have 
been employed which require the least expenditure of time and ex- 
pense. After the butter maker has been employed for the year and 


+The “‘ overrun ’’ is the difference between the amount of butter fat paid for and butter 
produced. 
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the time and method of payment to:the patrons has been decided, 
the detailed business features have consisted primarily of the keep-: 
ing of a record of the amount of cream delivered by each patron, the 
delivery to the transportation agency of the butter produced, and the 
consignment or shipment of it to market. The problem of transpor- 
tation and market distribution for the most part have been taken 
care of by the transportation agencies and wholesale distributors in 
the market. 


BUYING POLICIES AND METHODS OF CREAMERIES. 


The methods employed in marketing milk and cream to creameries 
have undergone marked changes in recent years. Prior to the gen- 
eral use of cream separators on farms, the local creamery prevailed, 
and practically every creamery obtained its supply of raw material 
from farms in the vicinity of the creamery or skimming stations 

which were reached by wagon routes. Reports obtained in 1915 from 
900 creameries in Wisconsin and Minnesota showed that only 27 
received whole milk exclusively, 243 received both milk and cream, 
and 630 received separated cream only. 

Usually local cooperative creameries required the farmer either to 
pay the costs of country collecting or to deliver the milk or cream to 
the creamery in person or as might be arranged. Reports from 127 
creameries in Wisconsin showed that 71 creameries included the cost 
of collecting in the operating expenses while 54 charged the cost 
of collecting to the patron and 2 employed a combination of these 
two methods. The cost of collecting varied from 0.5 to 4.6 cents per 
pound butter fat, with an average cost of approximately 1.7 cents. 
The patrons of many local creameries in Minnesota organized 
“rings” of two or more farmers, in which each took his turn in 
hauling his own and the cream of the others. This method of haul- 
ing gave each member the full benefit of a delivered price. At 
about 20 per cent of the creameries, all or a part of the cream was 
gathered by routes, the average length of which was about 23 miles. 
At eight creameries which gathered their cream mostly by routes the 
average cost of collecting 952,449 pounds of butter fat by routes was 

2.7 cents per pound. 

At some creameries it was a common practice: for the patrons to 
deliver their cream every two or three days, although some delivered 
only once a week. Those creameries which required daily deliv- 
eries in summer, often permitted delivery every other day in winter, 
and when three deliveries a week in summer were required, two were 
permitted in winter. Many creameries required the cream to be de- 
livered in the morning, while others accepted it at any time during 
the day. 


I 
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In the transportation of ‘cream by railroad to 40 centralizing 
creameries, the average cost was reported to be 1.63 cents per pound 
of butter fat. This, however, did not include the country collecting 
or delivery cost incurred by the farmer in the delivery of his cream 
to the receiving or shipping station. 


BUYING OF CREAM BY GRADE. 


The infrequency of delivery of cream to creameries and other 
factors have resulted in the marketing of considerable cream of in- 
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Pig. 1.—Average monthly quotations 
on the New York market for va- 
rious classes and grades of butter 
for the year 1914. 


ferior quality. A number of cream- 
eries, recognizing the relation of poor 
cream to poor butter, which on the 
market sells at lower price (see fig. 1), 
have sought to encourage more fre- 
quent deliveries by establishing 
grades for cream and by paying dif- 
ferent prices for the various grades. 
About 15 per cent of the creameries 
in Minnesota from which information 
regarding cream grading was_ ob- 
tained had employed a grading sys- 
tem. Usually two grades were em- 
ploved and a premium of 2 or 3 
cents per pound of butter fat was 
paid for the better grades of cream. 
Many creameries reported that they 
were in favor of grading and in- 
tended to adopt such a system. 

The general opinion of those cream- 
eriles which had graded their cream 
was that the quality of the cream 
received had been greatly improved. 
Those which had noted the effect of 
cream grading on the price received 
for their butter stated that an in- 
crease had been obtained. Eight 
creameries which churned the first 
and second grade cream separately 
showed an average increase in price 


of 3.6 cents per bound for the butter churned from the first grade 
cream. At some creameries, the-patrons who supplied second-grade 
cream objected to the grading system and in some cases a few patrons 


had been lost. 


er 
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BASIS OF PRICE PAID FOR CREAM. 


The usual practice of the cooperative creameries of Wisconsin and 
Minnesota was to prorate the net receipts among the patrons accord- 
ing to the amount of butter fat each had furnished. Those cream- 
eries in Minnesota which did not operate on the cooperative basis, 
usually based their buying price of butter fat on the New York butter 
quotation for “extras.” Creameries in Wisconsin used either the 
Elgin or Chicago quotation, and frequently paid premiums above 
the quotations when the Elgin quotation was used. 

The centralizing creameries in these States gave consideration to 
the price paid by local creameries, also the market quotations at 
New York, Chicago, Elgin, and Boston. When country cream receiv- 
ing stations were operated by centralizing creameries, the price paid 
to the patrons for butter fat was sometimes as much as 4 cents below 
New York “extras.” Direct cream shippers received approximately 
the market quotation for “ extras.” 


FREQUENCY OF PAYMENT TO PATRONS. 


About 80 per cent of the cooperative creameries of Minnesota paid 
their patrons once a month and 15 per cent paid twice a month. The 
frequency of payment varied with the others. The system of paying 
the patrons monthly may be accounted for by the usual method of 
prorating the monthly net receipts according to the amount of butter 
fat each patron had delivered. The noncooperative creameries in 
Minnesota were about equally divided on the methods of paying 
once a month, twice a month, and at time of delivery. Of 250 cream- 
eries. in Wisconsin, 48 per cent paid monthly, 39 per cent semi- 
monthly, and the rest either daily, semiweekly, or weekly. Nearly 
all centralizing creameries paid for each shipment of cream as. it 
was received. 


MARKETING OF CREAMERY BY-PRODUCTS. 


Skim milk and buttermilk are natural by-products of creameries. 

Tt was found that usually the skim milk was returned to those patrons 
who delivered whole milk, at the rate of 80 per cent of the amount 
of whole milk delivered. 
Frequently the buttermilk at country creameries was contracted 
to a regular buyer or to patrons at 10 cents per can, or at 1 to 1} 
eents per gallon. Creameries located in large cities often sold but- 
termilk to hotel and other city trade at 2 to 10 cents per gallon. 

Ice cream, while not ordinarily considered as a creamery by- 
product, was manufactured as a creamery “side line” in about 20 
per cent of the creameries in Wisconsin, and 2.1 per cent of those 
in Minnesota, by the converting of a part of the milk and cream sup- 
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ply into this product. Some creameries made only a few gallons 
per day, while others engaged in ice-cream production more exten- 
sively. In most instances it was sold to local trade in the city in 
which the creamery was located. The annual receipts from the sale 
of ice cream at the creameries varied from less than $1,000 to over 
$35,000, 


TRANSPORTATION OF CREAMERY BUTTER TO MARKET. 


The shipment of butter to market was usually made by refrigera- 
tor freight. The schedules in most instances provided for weekly 
or semiweekly shipments. The butter produced after the shipping 
day, was usually held in storage at the creamery. The facilities for 
storage at most creameries consisted of insulated storage rooms which 
were kept cold either by the use of ice or mechanical refrigeration. 
About 92 per cent of the creameries used ice, as it was considered 
cheaper. 

In furnishing refrigerator service to local creameries, the railroad 
company either set out an iced refrigerator car on the sidetrack at 
the creamery’s shipping station or carried a refrigerator car in a local 
way freight, which made it necessary for the creamery to deliver its 
butter to ae depot where it was ready when the refrigerator car ar- 
rived. The consolidation of less-than-carload shipments into full 
carloads was effected at division points, where a number of cars-were 
assembled on parallel tracks or along a platform, and the butter des- 
tined to different markets was transferred into separate cars. (See 
fig. 2.) The butter which had arrived over the different divisions was 
thus loaded so that each shipment could be forwarded by through fast 
freight to its final destination. 

The transportation charges and routing of shipments varied some- 
what in different sections. Northern Minnesota butter in less-than- 
carload lots, reuted rail-lake-and-rail via Duluth to Buffalo and 
points beyond, took a combination of rates on Duluth and Buffalo. 
The tariffs of the lake carriers required a minimum of 15,000 pounds 
of “dairy products,” i. e., butter, eggs, and dressed poultry, in 
straight or mixed lots from one shipper for one destination and de- 
livery. For the purpose of economizing in freight charges the Minne- 
sota shippers employed an agent at Duluth who erecred consolidation 
of the shipments at that point. 

The all-rail shipments moved through Chicago, while many from 
Minnesota moved through St. Paul. The less-than-carload ship- 
ments took the second-class rate to Chicago, while the carload ship- 
ments took the third-class rate, with a minimum weight of 20,000 
pounds. Usually the less-than-carload shipments were consolidated 
by the railroads at St. Paul, Chicago, and other points in order to 
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make full cars for separate destination, which resulted in quicker 
time in transit to the final destination. The through rate to eastern 
points was a combination rate on St. Paul or Chicago. The second- 
class rate applied to that portion of the routing east of St. Paul or 
Chicago, and was the same for carload and less-than-carload ship- 
ments, so that the through carload rate was very little lower than the 
through less-than-carload rate. : 


Fic. 2.—Consolidating less-than-carload shipments destined to the same market into 
one car. 


SHRINKAGE OF BUTTER FROM CREAMERY TO MARKET. 


Shrinkage is usually considered as the difference between the weight 
of butter at the creamery and at the market. Since only tub butter 
is sold on the weight-at-market basis, the investigations were confined 

to this style of package. Prior to the date on which the net weight 
amendment to the Federal food and drug act became effective many 
creameries did not weigh their butter carefully before shipping. This 
amendment requires that the net weight of each package be marked 
upon it. If the weight is overmarked the creamery becomes liable 
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to prosecution, and if undermarked the creamery may be paid for. 
less than the actual net weight of the butter if the receiver or buyer 
accepts the weights marked on the packages by the creamery. In the 
investigation, comparisons of creameries’ weights and receivers’ 
weights were made of 1,044 tubs, consisting of 55 shipments of Minne- 
sota butter, forwarded to 32 firms on seven different markets. The 
net weight at the market was 605.5 pounds less than the weight at 
the creamery, or an average of 0.58 pounds less per tub than the 
creameries’ weights. 

Considerable variation in shrinkage was observed in the various 
shipments. One shipment showed an average loss of 2.8 pounds per 
tub, while another apparently gained 1.37 pounds per tub. These 
wide variations may have been due to errors in weighing at the cream- 
ery and the methods of weighing employed by the receivers of butter 
in the market. In some markets fractional pounds were not consid- 
ered by the receivers and only a portion of the tubs were stripped to 
get the average tare which was used in estimating the net weights for 
the entire lot. ce 

In a more detailed investigation, including both Wisconsin and 
Minnesota butter, where weighings were made to one-fourth pounds 
by representatives of the department, both at the creamery and in the 
market, the following results were obtained: : 


Chicago shipments. | New York shipments. 
State. 
Number of| Average | Number of] Average 
tubs. shrinkage. tuhs. shrinkage. 
AWATSGOMSIMS eae aces a pee naira ec RVR Se een pee ae 160} 0.399 46 -. 0.418 
IMGT ES Oa arate se Seyi tune Ba NF 2a ae) a Os oy coe ata 149 |- . 210 345 217 


The actual average net shrinkage on the Wisconsin butter was 
approximately four-tenths of a pound per tub, and on the Minnesota 
butter only two-tenths of a pound. The difference in the shrinkage 
of the butter per tub when the weighings were made in the market 
by the receivers, and when made by representatives of the depart- 
ment, may be explained by the differences in the methods of weighing. 

The representatives of the department, both at the creamery and 
in the market, obtained the gross weight of the tub when filled and 
when empty (not including the tub cover) to the nearest quarter 
pound. The difference between these weights was taken as the net 
weight of butter. 


MARKET METHODS OF WEIGHING. 


The receivers on the market usually weigh each tub in the ship- 
ment separately to obtain its gross weight. In obtaining the gross 
weight, fractions of pounds usually were disregarded; in fact, most 
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receivers require that the beam of the scale touch the upper rest. 
If it merely plays lightly on or above the center, practically a whole 
pound is lost to the creamery, as the next lower pound is taken as 
the weight. After each tub has been weighed (gross), a few are 
stripped—that is, the butter is removed and weighed. (See fig. 3.) 
In this weighing all fractions are again disregarded and up-weights 
usually are required. By this practice it is possible for a creamery 
to lose practically a pound on certain tubs, and occasionally it may 
lose even 2 pounds 
through a slight error 
in both the gross and 
net weights. This, 
however, is not fre- 
quent, for the results 
obtained showed that 
ordinarily the differ- 
ence between the 
weights made at the 
creamery and the 
weights obtained at 
the market under the 
prevailing market 
practice of approxi- 
mating the net weights 
was from one-half to 
three-fourths of a 
pound per tub. A 
portion of this differ- 
ence is shown by the 
weighings made by 
the department’s rep- 
resentatives to be due 
to an actual shrinkage 


or loss in the net 


Fig. 3.—In making “ test-weights”” to determine the tare wejoht of the butter 
weight of the tub, strong up-weights are usually required. 


while in transit to 
market. With the increase in the market value of butter during 
recent years, the financial loss to the creamery caused by the 
present method of approximating the net weight is much larger 
than it was formerly when the present market method of weighing 
was established. 

Occasionally a weigher will “give and take”; that is, recognize a 
full pound even if the beam of the scales balances merely on the 
center. In other words, “snug up-weights” are not required when 
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the stripped tub of butter is’ weighed. By recognizing half pounds 
the weights obtained would approximate closely the actual net 
weight and eliminate a large part of the difference between the 
weights at the creamery and the market. 


MARKETING OF BUTTER BY CREAMERIES. 


The various buyers of creamery butter may be classified as con- 
sumers, retailers, jobbers, and wholesalers. The patrons comprise 
the principal outlet for the sale of butter direct from creameries 
to consumers. Approximately 4 per cent of the butter produced by 
Wisconsin creameries, and 6 per cent of that produced in Minnesota 
was sold to the creamery patrons. At some creameries nearly all the 
patrons obtained their butter from the creamery while at others: the 
sales to patrons were limited. 

Creameries located in large cities sold a large part of their butter 
at some seasons to retailers, while some of the country creameries 
sold practically none to this class of tarde. Of the total amount of 
creamery butter produced in Minnesota, less than 7 per cent was sold 
to retailers, while in Wisconsin approximately 15 per cent was mar- 
keted in that way. 

Many jobbers who function as wholesale distributors in supplying 


retail trade bought a large portion of their supply in print packages_ 


from creameries. Centralizing creameries located in large cities sold 
local grocers large quantities of butter in prints. That which was 
not sold locally was usually marketed through their own sales or- 
ganization or distributed in prints or tubs through jobbing agents. 
The principal cities to which butter was shipped to wholesale butter 
distributors were Chicago, New York, Boston, and Philadelphia. 
These four markets received about two-thirds of the butter produced 
in these two States. Chicago received approximately one-half of 
Wisconsin’s butter and less than 15 per cent of Minnesota’s, while 
over one-half of Minnesota’s was marketed in New York City, and 
less than 10 per cent of Wisconsin’s. 


CREAMERY METHODS OF MARKETING. 


The general practice of Wisconsin and Minnesota creameries in 
marketing tub butter was to ship it to wholesale receivers upon an 
informal agreement between the creamery and the receiver under 
which the price to be received usually was based upon a designated 
market quotation for “extras.” About 80 per cent of the Wisconsin 
creameries based their agreements on the Elgin quotation; 16 per 
cent on Chicago; and 4 per cent on the New York quotation. Min- 
nesota creameries which shipped to New York generally used the 
New York quotation as the basis of their price agreement. The 
agreements frequently varied, including market quotation net f. o. b. 
shipping station; market quotation net f. 0. b. receiver’s station; 
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market quotation plus a premium less freight; market quotation plus 
a premium less freight and cartage; or market quotation plus a’ 
premium less freight, cartage, and commissicn. 

Of those Wisconsin creameries which sold on the basis of the Elgin 
quotation, approximately 70 per cent received the flat Elgin quota- 
tion and the others a premium of from 1 to 4 cents above. When 
the Chicago quotation was used, the flat quotation generally pre- 
vailed although the net price received varied from 4} cent below to 
14 cents above. It is estimated that approximately 15 per cent of 
the crenameries of Minnesota sold their butter f. o. b. the shipping 
station; 85 per cent had freight charges deducted, and 37 per cent 
were charged a commission. The chief reason for deducting a com- 
mission was that many of the creameries were accustomed to it and 
by allowing a commission to be deducted the gross price obtained 
could be expressed in the form of a premium above the quotation. 
By allowing a commission of 4 cent and a freight charge of approxi- 
mately 14 cents to be deducted, a creamery would receive a gross 
price of 2 cents above market quotation, which actually was equal to 
the quotation net at the shipping station. 

A common custom of the creameries was to forward their ship- 
ments on order bills of lading and to draw a draft against the con- 
signee which was passed to their local bank for collection or credit. 
When a sight or demand draft is used it is attached to the original 
copy of the “order” bill of lading. The draft usually is drawn to 
cover from 60 to 75 per cent of the value of the shipment. One ad- 
vantage of the order bill of lading is that the consignor has con- 
trol of the shipment until the draft is paid, and the creamery’s risk 
of collection for the goods is reduced by that amount. The use of 
this form of a bill of lading is desirable when demand or sight drafts 
are used and shipments are made to firms whose financial standing 
has not been ascertained. 


MARKET DISTRIBUTION OF CREAMERY EUTTER. 


The following method of wholesale market distribution of cream- 
ery butter was found to be prevalent : 

Upon the arrival of a freight shipment of butter at a terminal 
_ mnarket, a notice was sent by the railroad to the consignee. The but- 
ter was trucked to the receiver’s salesroom, where it was weighed, 
inspected, and held for sale or disposal. 

As a means of identifying the shipments from each consignor, the 
receiver usually furnished the creamery with a rubber stamp or 
stencil which was used on the top of each tub. This stamp gave the 
name and address of the consignee, and the serial number of the 
creamery. These stencil numbers were frequently removed by the 
receiver before the butter was sold. 
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During the season of surplus production, beginning about April 1 
and ending September 1, that portion of the market receipts which 
did not pass into immediate consumption was usually put into public 
cold storage either by the receiver or by other buyers of butter for stor- 
age purposes. The rates for storage varied according to the length of 
time that the butter was held. Ordinarily, storage rates were figured 
at three-fourths of a cent per pound for a storage period of six 
months. As a temperature of zero degrees F. or below was main- 
tained in the storage rooms, the butter usually deteriorated but little 
in quality. Butter stored in warehouses was usually insured for 
approximately 80 per cent of its value at a charge of from 60 cents 
to $1.50 per $100, depending upon the character of construction of 
the storage. The warehouse receipt and the insurance certificates 
were used as collateral in obtaining loans on butter in storage. The 
usual rate of interest on these loans was 6 per cent. The largest 
quantities were placed in storage during May, June, and July, and 
the withdrawal from storage was heaviest from September 1 to 
April 1. Approximately 70 per cent of all butter stored was re- 
ceived into storage during the months of May, June, and July. Ap- 
proximately 74 per cent was taken from storage from September 1 
to April 1. - 

The business of the wholesale receiver is, in general, organized 
about as follows: A general manager supervises the entire business 
and gives particular attention to securing the supplies of butter, 
often personally supervising the soliciting of shipments from cream- 
eries. The cashier has general supervision of the clerical force and 
bookkeepers. The “floor man” in the receiving room -is an expert 
judge of butter quality and oversees the grading and taking out of 
the orders. The sales force keeps in close touch with the general 
manager, floor man, and the credit department. The credit depart- 
ment usually consists of a credit clerk who is responsible to the 
cashier and the general manager. 

Many wholesale receivers function also as jobbers. Jobbers may 
operate as wholesale receivers or they may obtain their supply of 
butter from wholesalers. The retail stores are supplied by jobbers 
who take orders and deliver the quantity and quality of butter in 
such size and style of packages as the retailers’ trade requires. In 
addition, the jobbers also supply such trade as restaurants and ho- 
tels, dining cars and boat service, and out-of-town retailers and 
jobbers. 

The marketing of creamery butter from producer to consumer is 
not: dependent upon any one system of wholesale or retail distribu- 
tion. (See fig. 4.) Local creameries, cream stations, and centraliz- 
ing creameries may act as agents of the producer or they may be cash 
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buyers of his milk and cream. The exclusive distributing agent of a 
centralizing creamery may receive a salary, a salary and commission 
on sales, or a commission alone. Not infrequently the butter is pur- 
chased on a regular contract basis. Thus the ownership of the goods 
passes, while in the former instances it remains with the creamery. 
The cooperative mar- 5 

keting associations 

may be selling agents 
of local creameries. A 
brokerage agent usu- 
ally represent a jobber 
or wholesaler in buy- 
ing butter from a cen- 
tralizing creamery or 
wholesale dealer. 
Cold-storage firms do 
not usually buy or sell 
butter, although they 
frequently make loans 
on goods put in their 
storages. 

COST OF MARKET DISTRI- 


BUTION OF CREAMERY 
BUTTER. 


As creamery butter 
in passing from pro- 
ducer to consumer may 
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different channels of 
trade, the average 
margin or approxi- 


mate cost in one chan- Fig. 4.—Channels of distribution of creamery butter from 
nel may not represent producer to consumer. The most usual channeis are 
5 indicated by the heavy lines. The rectangles denote a 
the cost in any other. change of ownership of goods and the circles an inter- 
The following in vening agency between seller and buyer—usually a 
cooperative organization representing the seller. 
general was found to 


be approximately the usual margin on tub butter when it passed 
direct from wholesale receiver to jobber, from jobber to retailer, and 
then from retailer to consumer. 
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These margins do not always prevail, for a wholesale receiver may 
handle a carload of butter for a quarter of a cent per pound and a 
chain store’ may retail to consumers on a gross margin of 3 cents 
per pound. 

Butter which has been carried for several months in cold storage 
and has incurred charges such as interest on loans, storage, insurance, 
and drayage and which has risked deterioration, may be sold at a 
net loss or a net profit of several cents, depending upon the quality 


Fig. 5.—Inspecting a shipment of butter by a wholesale receiver. 


of the butter and its market value when taken from storage. The 
margin on butter purchased by a retailer direct from a creamery may 
vary from 2 cents to 10 cents per pound. Some retailers follow closely 
the wholesale market quotations and base both their buying and 
selling prices on it. The margins on butter depend to a considerable 
extent upon market conditions, trade requirements, and the service 
given. 


1 Chain stores consist of a number of retail stores operated under a single manage- 
ment. 
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CONCLUSIONS. 


The great majority of the creameries in Wisconsin and Minnesota 
usually produced a quality of butter for which there was an active 
market demand. The comparative ease with which creameries have 
been able to contract, or to sell their butter to wholesale receivers has 
not necessitated the employment of expert salesmanship. With 
traveling representatives of wholesale receivers willing to contract 
for the yearly output of the creameries and the contracts with re- 
ceivers frequently renewed year after year, individual rather than 
cooperative action among creameries in marketing butter has pre- 
vailed. In most instances the creameries have been well satisfied with 
the returns received and therefore the necessity of cooperation among 
creameries has not been strongly apparent. Thus the efforts toward 
organizing cooperative marketing federations of creameries for 
marketing butter independent of the regular wholesale outlets, have 
never found much favor or been developed to any great extent. 

The need for cooperative action among creameries in marketing 
their butter, and the advantages to be derived therefrom in the 
future, will depend upon the changes which take place in the market 
distribution and the butter marketing conditions in the larger whole- 
sale markets. The present increasing demand for manufacturers’ 
brands and for carload shipments of butter of uniform quality, in- 
dicates a growing change in marketing conditions, and suggests the 
need of cooperation among country creameries in standardizing the 
quality of their butter in accordance with such requirements as those 
of “State brands,’+ and of being better informed regarding market 
conditions and outlets for the sale and distribution of their product. 
It is possible that the benefits to be derived by cooperative action and 
through marketing federations of creameries may be more apparent 
in the future than in the past, as improved marketing methods are 
required to meet the problems which may arise under new marketing 
conditions. 


17The requirements of State brands in Minnesota, Michigan, and Iowa are given in 
Bulletin No. 456 of the U. S. Department of Agriculture, entitled ‘‘ Marketing Creamery 
Butter.” 
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INTRODUCTION. 


Since public attention was first attracted to the use of bituminous 
materials in road treatment and construction the Office of Public 
Roads and Rural Engineering has received increasingly numerous 
requests for specifications which will describe suitable types and 
grades of such materials for the various uses required in highway 
engineering. It was early realized that the preparation of standard 
specifications of any value would be extremely difficult if not impos- 
sible, owing to the widely varying characteristics of the materials 
which should be covered and to the many local factors, such as cli- 
mate, traffic, and character of available non-bituminous road mate- 
rial, which largely control service results and which should govern 
the selection of suitable bituminous material. Therefore, attempts 
were first made to consider every request as an individual prob- 
lem and to furnish specifications only after certain information 
relative to local conditions and proposed methods of treatment or 
construction had been secured. 

Gradually, as the result of its own experimental work as well as 
observation of the work of others, the Office was able to prepare cer- 
tain specifications which though not considered as standards were 
found to be in most cases serviceable for general use in well estab- 
lished types of construction and maintenance. Such specifications 
were called typical specifications and were furnished, upon request, 
on typewritten or mimeographed sheets. As additional information 
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was secured, new methods of use devised, and the character of avail- 
able crude materials and their method of refining changed, these 
typical specifications were modified from time to time by the Office. 
Owing to the fact that they are widely distributed among engineers 
not in close touch with the reasons necessitating their modification, 
certain of the older specifications are still in use, although not up to 
date. In so far as possible these engineers have been notified of 
changes which the Office has seen fit to make, but as, in many cases, 
the originals have been passed on from one engineer to another all 
have not been informed of the changes which have been made. 

Very recently all of the typical specifications for bituminous ma- 
terials prepared by the Office have been revised, and it has been con- 
sidered advisable to publish them in bulletin form for more general 
distribution. The specifications given in the following pages, there- 
fore, are intended to supersede all prior specifications for bituminous 
materials issued by the Office. It is felt that these revised specifica- 
tions have been made as brief and simple as possible without sacri- 
ficing to too great an extent three essential purposes, which are (1) 
to secure a suitable grade of material, (2) to insure reasonable uni- 
formity of supply, and (8) to sufficiently identify the material by 
type. ¢ 

No specification should be encumbered with unnecessary require- 
ments, and test limits, of course, should be thoroughly practicable 
from a manufacturing standpoint. With this in mind the coopera- 
tion of all manufacturers of bituminous road materials was sought. 
In July, 1917, a set of tentative revised specifications was sent to all 
manufacturers who were thought to be interested, with a request 
that they review the specifications, suggest changes if they so de- 
sired, and state the reasons for such suggested change. In addition 
the manufacturers were requested to furnish to the office samples of 
each of their products which conformed to the specifications, to- 
gether with samples of any products which would meet the specifi- 
cations if changed in accordance with their suggestions. 

Upon receipt of all of the information that could be secured, the 
comments of the manufacturers were tabulated, together with the 
test results which they furnished and the analyses of the samples 
examined in the laboratory of the office. These data were carefully 
studied and when justified, modifications were made in the tentative 
specifications which in their revised form are presented in this 
bulletin. The forms of specification adopted are in general those 
recommended by the first conference of State Highway Testing 
Engineers and Chemists.1 
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The specifications appearing in the following pages are grouped 
according to type of material, as shown in the detailed table of con- 
tents. A special index, however, is given for the convenience of 
engineers interested in materials suitable for particular methods of 
use or types of construction. Following each specification is a 
brief paragraph stating the purpose for which the material is in- 
tended, its method of use, the type of road, and general conditions 
for which it is suited, and the results which may be expected if it 
is properly used. 

This information is necessarily general in character and should not 
be interpreted too rigidly. Varying combinations of climate, traffic, 
and character of the nonbituminous portion of the road which can 
not be discussed in a single paragraph will often influence the selec- 
tion of the bituminous material and its method of use. More de- 
tailed information and advice relating to their use in maintenance 
and construction may be obtained upon application to the office. 

It is realized that all classes and types of bituminous materials 
have not been covered and it is intended to add to the number of these 
specifications from time to time as additional information is ob- 
tained. In the meantime they are offered more as a guide and help 
to those engineers who are not thoroughly familiar with the charac- 
teristics of bituminous materials rather than as a substitute for 
specifications now in use which have already demonstrated their value 
in securing the material which is desired. It is realized that the same 
material is often described by two entirely different sets of tests and 
test limits, so that the same ultimate result may be obtained by two 
different specifications. Unfortunately different methods of specify- 
ing bituminous materials are followed by various highway engineers 
and commissions, and it would appear highly desirable that uniform 
practice in this matter be generally adopted. It is hoped that the 
typical specifications here given may further such practice, in the 
interests of both consumer and producer. 

For the convenience of engineers and in order to make this bul- 
letin complete in itself the methods of test to which reference is made 
in the specifications, and directions for sampling are included in 
this bulletin. 


General. 


Physical and 
chemical prop- 
erties. 


Methods of test- 
ing. 


SPECIFICATIONS. 
OC-1. PETROLEUM PRODUCT FOR DUST PALLIATIVE. 


The petroleum product shall be homogeneous and free from 
water. 
It shall meet the following requirements: 
. Specific gravity 25°/25° C. (77°/77° F.) _not more than 0.940 
hy SESS) oW ayo aye sea ete mene Ze DUE Ae not less than 100° GC. (212° F.) 
. Specific viscosity at 25° C. (77° F.)_-____ not more than 10 
1 LOSS aie IG? Oh (Bes 1D.) pi inoumS not more than 15% 
a. Float test of residue at 32° C. (89.6° F.)__-__ liquid 
5. Total bitumen (soluble in carbon disulphide), 
not less than 99.8% 
Tests of the physical and chemical properties of the petroleum 
product shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 4. 
2. Flash point (open cup), U. 8. Department of Agriculture 
Bulletin 314, p. 17. 
3. Specific viscosity (on first 50 c. c.), U. S. Department of 
Agriculture Bulletin 314, p. 7. ; 
4. Volatilization test, U. S. Department of Agriculture Bulletin 


moh H 


314, p. 19. 
a. Float test, U. S. Department of Agriculture Bulletin 
314, p. 9. 
5. Total bitumen, U. S. Department of Agriculture Bulletin 314, 
p. 25. : 


This specification provides primarily for a material to be used 
as a dust palliative on macadam, shell, gravel, or weil compacted 
earth or sand-clay roads. It is not expected to build up a bitu- 
minous mat on the road surface, as materials meeting this speci- 
fication are deficient in binding value. The specification is in- 
tended to cover some crude petroleums, heavy petroleum dis- 
tillates, and light fluid residual petroleums. 

To obtain the best results the road surface should be free of 
any great excess of dust when the application is made. The oil 
may be applied without heating and the application should prefer- 
ably be made by means of a pressure distributor at the rate of 
from one-eighth to one-fourth of a gallon per square yard. No 
cover of earth, sand, gravel, or stone chips should be necessary. 
The number of applications required to lay the dust successfully 
throughout an entire season will depend upon traffic and climatic” 
conditions; one may prove sufficient, but three or four may be 
required. 


OCc-2. ROAD OIL FOR COLD APPLICATION. 


The road oil shall be homogeneous and free from water. Gonerat! 

It shall meet the following requirements: 
1, Specific gravity 25°/25°C. (77°/77°F.)_--- 0.935 to 0.970 eee eh 
Ds TE VSM ty) NOS T eaais  a a not more than 50°C. (122°F.) erties. 
ESMeCIIC, VISCOSIiby ab 2) C.. (10° Hayes ie ee 80 to 120 
AMWOSS at AGStO. (S25, H.), d hoursae = not more than 30% 


a. Float test of residue at 50° C. (122° F.), 
not less than 90 see. 
5. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
6. Per cent of total bitumen insoluble in 86°B. naphtha, 
not less than 6.0% 
Tests of the physical and chemical properties of the road oil ee of test- 
shall be made in accordance with the following methods: 
1. Specific gravity, U. 8S. Department of Agriculture Bulletin 
314, p. 4. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
8. Specific viscosity (on first 50 «c¢.), U. S. Department of 
Agriculture Bulletin 314, p. 7 
4, Volatilization test (loss ‘at 163°C.), U. S. Department of 
Agriculture Bulletin 314, p. 19. 
a. Float test, U. S. Department of Agriculture Bulletin 
314, p. 9. 
5. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 
6. Bitumen insoluble in naphtha, U. S. Department of Agvi- 
culture Bulletin 314, p. 28. 


This specification provides primarily for a material to be used 
in the cold surface treatment of macadam or shell roads to form 
a thin wearing mat or carpet which may be maintained or built 
up by subsequent treatments of either the same type of material 
or a heavier product (specification OH-1). The specification is 
intended to cover certain types of crude or topped petroleums 
and cut-back oil asphalts. 

A successful treatment requires that the road surface shall 
be in a good state of repair, well consolidated, free from holes 
or depressions, and thoroughly swept for the removal of dust 
and detritus before the application is made. Newly constructed 
roads should be permitted to consolidate under traffic before 
the oil is applied. The oil may be applied without heating, and 
the initial applications should be made by means of a pressure 
distributer at the rate of from one-third to one-half a gallon per 
square yard. !t should be covered with a uniform layer of dust- 
less broken stone, all of which will pass a one-half or three- 
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fourths-inch laboratory screen, or with pea gravel, which will 
pass a one-half-inch laboratory screen in an amount just suffi- 
cient to absorb the bitumen and to prevent the surface from 
picking up under traffic. Subsequent applications may be made 
by a pressure distributer or by brooming the oil uniformly over 
the road surface. From one-tenth to one-fifth gallon per square 
yard will usually prove sufficient, and this should be covered with 
coarse sand or stone clips which will pass a one-inch laboratory 
screen. 

To secure best results the treatment should be applied in the 
early summer, excepting in localities where snow and freezing 
weather are not common. Under favorable conditions a treat- 
ment should last throughout at least one season. 


OH-1. ROAD OIL FOR HOT APPLICATION. 


The road oil shall be homogenous, free from water, and shall General. 
not foam when heated to 120° C. (248° F.) 


Tt shall meet the following requirements: Physical and 
: 4 ° 5 e 5) chemical prop- 
1. Specific gravity 25°/25° C. (77°/77° F.), erties. 
not less than 0.980 
Peaprash) POWb 2 not less than 80° C. (176° F.) 
8. Specific viscosity 100° C. (212° F.)_______ not more than 60 
A MMoat test ab 32, C. (89.6. i.) Sees not less than 60 sec. 
Reuoss at 163. C. (325° E.), 5 hours®==_— not more than 15% 


a. Float test of residue 50° C. (122° F.), 
not less than 110 sec. 
6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
7. Per cent of total bitumen insoluble in 86° B. naptha, 
not less than 6.0% 
Tests of the physical and chemical properties of the road oil ea: of test- 
shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture BuJletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Specific viscosity (on first 50 e. ¢c), U. S. Department of 
Agriculture Bulletin 314, p. 7. 
4, Float test, U. S. Department of Agriculture Bulletin 314, 
p. 9. 
5. Volatilization test, U. S. Department of Agriculture Bulle- 
tin 314, p. 19. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 
7. Bitumen insoluble in naphtha, U. 8. Department of Agri- 
culture Bulletin 314, p. 28. 


This specification provides primarily for a material to be used 
in the hot surface treatment of macadam, gravel, or shell roads, 
to form a wearing mat or carpet. The specification is intended to 
cover residual asphaltic petroleums, cut-back oil asphalts, and 
some crude asphaltic petroleums. 

A successful treatment requires that the road surface shall be 
in a good state of repair, well consolidated, free from holes or 
depressions, and thoroughly swept for the removal of dust and 
detritus before the application is made. Newly constructed or 
resurfaced roads should be permitted to consolidate under traffic 
before the oil is applied. The oil should be heated to a tempera- 
ture of 200° F to 250° F. before applying, and the application 
should be made by means of a pressure distributor at the rate of 
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from one-third to one-half gallon per square yard. It should be 
covered with a uniform layer of dustless broken stone all of which 
will pass a one-inch or three-fourths inch laboratory screen or 
pea gravel which will pass a one-half inch laboratory screen in 
an amount just sufficient to absorb the bitumen and to prevent the 
surface from picking up under traffic. Subsequent applications 
may be made by a pressure distributor or by brooming the oil 
uniformly over the road surface. From one-tenth to one-fifth 
gallon per square yard will usually prove sufficient, and this 
should be covered with coarse sand or stone chips which will pass 
a one-half inch laboratory screen. To obtain best results the 
treatment should be applied in the early summer except in locali- 
ties where snow and freezing weather are not common. Under 
favorable conditions with occasional patching of any breaks 
in the surface a treatment should last for several years. 


OA-1. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water, and 
shall not foam when heated to 175° C. (847° F.). 
It shall meet the following requirements: 


1. Specific gravity 25°/25° C. (77°/77° F.)_not less than 1.000 
Preeilashy pole uss ue eu not less than 175° C. (347° F.) 
35 Melting points. B50 (©. (Sima) to o500.. (1312 bY) 
4. Penetration at 25° C. (77° F.), 100 g., 5 sec.____ 120 to 150 
5. Loss at 163° C. (325° F.) 5 hours____not more than 1.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 
RSE Cee SNS NE SR ye, EE not less than 70 

6. Total bitumen (soluble in carbon disulphide) ~________ not 
less than 99.5% 

a. Organic matter insoluble_________ not more than 0.2% 


Note.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 


General. 


Physical and 
chemical prop- 
erties. 


Tests of the physical and chemical properties of the oil asphalt yethods of test- 


shall be made in accordance with the following methods: 

1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 

2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 

3. Melting point, A. S. T. M. Tentative Standard D 36-16 
T, Proceedings A. 8S. T. M. 1916, p. 549. 

4, Penetration, A. 8. T. M. Standard Test D 5-16. 

5. Volatilization test, U. S. Department of Agriculture Bulle- 
tin 314, p. 19, using 50 gram sample. 

6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the con- 
struction of bituminous macadam in the northern United States. 
It is intended to cover satisfactory grades of oil asphalts pre- 
pared from Mexican, California, Texas, and other petroleums. 

It should be applied at a temperature of from 275° F. to 350° F. 
to the upper or wearing course of compacted broken stone at the 
rate of from 13 to 1% gallons per square yard. The application 
may be made by means of pouring pots or by a pressure distribu- 
tor so designed that it will not produce ruts during application. 
The above quantities are based on a wearing course 3 inches in 
thickness before rolling, composed of a product which will pass 
a 2 to 3-inch laboratory screen and be retained on a 1-inch lab- 
oratory screen. The exact range in size should be governed by 
the kind and quality of rock used. The application should be 
followed by «4 sufficient amount of clean small sized broken 
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stone to fill the surface voids when thoroughly rolled. A seal 
coat of the hot asphalt should then be applied at the rate of 0.4 to 
0.6 gallon per square yard and covered with a sufficient amount 
of stone chips to just absorb the excess bitumen. Roads of this 
character may be maintained with oil surface treatments using 
the materials and methods given under specifications OC-2 or 
OH-1. The latter is usually to be preferred. Such maintenance 
treatments should be applied whenever the wear comes directly 
upon the wearing course rock. 


OA-2. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water, and General. 


shall not foam when heated to 175° C. (347° F.) 
It shall meet the following requirements: 


1. Specific gravity 25°/25° C. (77°/77° F.) __not less than 1.000 
Penilashe poms. cis eo not less than 175° C. (347° F.) 
MVM eM e OMI = 35° C.. Game.) to55) Ce (43th) 
A. Penetration at 25° C. (77° B:), 100 2, 5 sec____ 90 to 120 
imeihoss at 163 ©: (825° F.) 5 hourssece| not more than 1.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 5 

SC Gis eee alee ee ee not less than 60 


6. Total bitumen (soluble in carbon disulphide), 


not less than 99.5% 
a. Organic matter insoluble___________ not less than 0.2% 


Novrre.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 


Physical and 


chemical 


erties. 


prop- 


Tests of the physical and chemical properties of the oil asphalt methods of test- 


shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Melting point, A. 8S. T. M. Tentative Standard D 36-16 T. 
Proceedings A. 8S. T. M. 1916, p. 549. 
4, Penetration, A. 8. T. M. Standard Test D 5-16. 
. Volatilization test, U. S. Department of Agriculture Bulletin 
314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 314, 
p. 25. 


oO 


This specification provides for a material to be used in the con- 
struction of bituminous macadam in the middle belt of the United 
States. It is intended to cover satisfactory grades of oil asphalts 
prepared from Mexican, California, Texas, and other petroleums. 

It should be applied at a temperature of from 300° F. ‘to 350° 
F. to the upper or wearing course of compacted broken stone at 
the rate of from 14 to 1% gallons per square yard. The applica- 
tion may be made by means of pouring pots or by a pressure dis- 
tributor so designed that it will not produce ruts during applica- 
tion. The above quantities are based on a wearing course 3 inches 
in thickness before rolling, composed of a product which will pass 
a 2 to 3 inch laboratory screen and be retained on a 1-inch 
laboratory screen. The exact range in size should be governed 


ing. 


ik: 
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by the kind and quality of rock used. The application should be 
followed by a sufficient amount of clean small-sized broken stone 
to fill the surface voids when thoroughly rolled. A seal coat of 
the hot asphalt should then be applied at the rate of 0.4 to 0.6 
gallon per square yard and covered with a sufficient amount of 
stone chips to just absorb the excess bitumen. Roads of this char- 


-acter may be maintained with oil surface treatments, using the 


materials and methods given under specifications OC-—2 or OH-1. 
The latter is usually to be preferred. Such maintenance treat- 
ments should be applied whenever the wear comes directly upon 
the wearing course rock. 


OA-3. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water, and 
shall not foam when heated to 175° C. (347° F.). 
Tt shall meet the following requirements: 
1. Specific gravity 25°/25° C. (77°/77° F.)_not less than 1.010 


rma OU 2 ees not less than 175° ©. (347° F.) 
SeMelting point... 40° C. (104? F.)-to 60° C. (140° F:) 
4. Penetration at 25° C. (77° F.), 100 g., 5 see______ 80 to 90 


Ross at 163° OC: (325° B.) 5 hours222 not more than 1.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 
DSC Cues Ma Dean. AED not less than 50 
6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
a. Organic matter insoluble______ not more than 0.2% 
Nore.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 
Tests of the physical and chemical properties of the oil asphalt 
shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 814, p. 17. 
. Melting point, A, S. T, M. Tentative Standard D-86-16 T. 
Proceedings A. 8, T. M. 1916, p. 549. 
. Penetration, A. 8S. T. M. Standard Test D 5-16, 
. Volatilization test, U. S. Department of Agriculture Bulletin 
814, p. 19, using 50 gram sample, 
. Total bitumen, U, S. Department of Agriculture Bulletin 
814, p. 25. 


oT co 


(2s) 


== 


This specification provides for a material to be used in the 
construction of bituminous macadam in the southern United 
States or for one size stone bituminous concrete in the northern 
United States. It is intended to cover satisfactory grades of oil 
asphalts prepared from Mexican, California, Texas, and other 
petroleums. 

In bituminous macadam construction it should be applied in 
the manner outlined under Specification OA-2. 

One size stone bituminous concrete contemplates a mixture of 
the asphalt with a crusher product passing a 12-inch screen and 
retained upon a half-inch screen. The asphalt should be heated 
to a temperature of from 275° F. to 325° F. and the crushed stone 
to a temperature of from 150° F. to 250° F. before mixing. The 
mixture should contain from 5 per cent to 7 per cent bitumen. 
The hot mixture should be deposited in a uniform layer over a 


General. 


Physical and 
chemical  prop- 
erties. 


rican: of test- 
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concrete or well-compacted broken stone or gravel foundation 
to such depth that it will yield a uniform layer two inches in 
thickness after thorough rolling. A seal coat of the hot asphalt 
should then be applied at the rate of 0.4 to 0.6 gallon per square 
yard and covered with a sufficient amount of stone chips to just 
absorb the excess bitumen. Roads of this character may be 
maintained with oil-surface treatments using the materials and 
methods given under specifications OC-2 or OH-1. The latter is 
usually to be preferred. Such maintenance treatments should be 
applied whenever the wear comes directly upon the wearing course 
rock. 


OA-4. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water, snd 
shall not foam when heated to 175° C. (847° F.). 
It shall meet the following requirements : 
EiSnecihie eravity 251/200 C. (Ct ine.) 
not less than 1.010 


pon 


D. INsiSioy joxoveolee ee eS not less than 175° C. (347° F.) 
3. Melting point_________ 40° C. (104° F.) to 60° C. (140° F.) 
PePenetration at Zon © (iti EB.) 100je. 5 secu 70 to 80 
LOSS Al Go Os (3256) Bs). 5 hoursteeene not more than 1.0% 
a. Penetration of residue at 25° ©. (77° F.), 100 g,, 
FRSC uses eee Ca acid. | SD not less than 45 


6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 


a. Organic matter insoluble_________ not more than 0.2% 


Nore.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 


General. 


Physical and 
chemical prop- 
erties. 


Tests of the physical and chemical properties of the oil asphalt es of test- 


shall be made in accordance with the following methods: 

1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 

2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 

8. Melting point, A. S. T. M. Tentative Standard D 36-16 T, 
Proceedings A. S, T. M, 1916, p. 549. 

4, Penetration, A. S. T, M. Standard Test D 5-16, 

5, Volatilization test, U. S. Department of Agriculture Bulle- 
tin 814, p. 19, using 50-gram sample. 

6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the con- 
struction of one size stone bituminous concrete in the southern 
United States or of graded coarse aggregate bituminous concrete 
in the northern United States. It is intended to cover satisfac- 
tory grades of oil asphalts prepared from Mexican, California, 
Texas, and other petroleums. 

In one size stone bituminous concrete construction it should be 
used in the manner outlined under Specification OA-3. 

Graded coarse aggregate bituminous concrete contemplates a 
mixture of the oil asphalt with crushed stone or a mixture of 
crushed stone and sand well graded in size from particles approxi- 
mately one-half the thickness of the wearing course to dust. The 
asphalt should be heated to a temperature of from 275° F., to 
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325° F., and the mineral aggregate to a temperature of from 
250° F., to 300° F., before mixing. The mixture should contain 
from 6% to 8% bitumen, and will vary within these limits with 
the character of the rock and the exact grading of the aggregate. 
The hot mixture should be deposited in a uniform layer over a 
concrete or well compacted broken stone or gravel foundation to 
such depth that it will yield a uniform layer 2 to 24 inches in 
thickness after thorough rolling. A seal coat of the hot oil 
asphalt should then be applied at the rate of 0.4 to 0.6 gallon per 
square yard and covered with a sufficient amount of stone chips 

to just absorb the excess bitumen. Roads of this character may 

be maintained with oil surface treatments using the materials 
and methods given under Specifications OC-2 or OH-1l. The 
latter is usually to be preferred. Such maintenance treatments 
should be applied whenever the wear comes directly upon the 
wearing course rock. 


. 


OA-5. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water, and shall 
not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements: 
. Specifie gravity 25°/25° C. (77°/77° F.)_not less than 1.010 
PAW AS OOD eee eee ue not less than 175° C. (847° F.) 
. Melting point__-______ 40° C. (104° F.) to 60° C. (140° F.) 
. Penetration at 25° C. (77° F.), 100 g., 5 sec______ 60 to 70 
Moss) dtl GamO@r(325 10), 5) house not more than 1.0% 
a. Penetration of residue at 25° C. (77° F.) 100 g., 5 
SG CRT SIE A LUC URN Zea not less than 40 
6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
a. Organic matter insoluble________ not more than 0.2% 


Om © be 


Nore.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 


General. 


Physical and 


chemical 
erties. 


prop- 


Tests of the physical and chemical properties of the oil asphalt sl ut of test= 


shail be made in accordance with the following methods: 

1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 

2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 

3. Melting point, A. S. T. M. Tentative Standard D 36-16 T, 
Proceedings A. 8. T. M. 1916, p. 549. 

4, Penetration, A. S. T. M. Standard Test D 5-16. 

5. Volatilization test, U. S. Department of Agriculture Bulletin 
314, p. 19, using 50 gram sample. 

6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the con- 
struction of graded coarse aggregate bituminous concrete in the 
southern United States or for graded fine aggregate bituminous 
concrete in the northern United States. It is intended to cover 
satisfactory grades of oil asphalts prepared from Mexican, Cali- 
fornia, Texas, and other petroleums. 

In graded coarse aggregate bituminous concrete construction it 
should be used in the manner outlined under Specification OA-4. 

Graded fine aggregate bituminous concrete contemplates a mix- 
ture of the oil asphalt with crushed stone or a mixture of crushed 
stone and sand well graded in size from particles that will pass a 
one-half-inch laboratory screen to dust such as the “ Topeka ” type 
of pavement with its modifications. The asphalt should be heated 
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to a temperature of from 275° F. to 325° F. and the mineral 
aggregate to a temperature of from 250° F. to 300° F. before 
mixing. The mixture should contain from 7 per cent to 11 per 
cent bitumen and will vary within these limits with the character 
of the rock and the exact grading of the aggregate. The hot mix- 
ture should be deposited in a uniform layer over a concrete or 
well compacted broken stone or gravel foundation to such depth 
that it will yield a uniform layer 2 inches in thickness after 
thorough rolling. A seal coat should not be necessary on this 
type of pavement, which is usually maintained by patching with 
the same mixture used in construction. 


OA-6. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water and General. 
shall not foam when heated to 175° ©. (347° F.). 


It shall meet the following requirements: Physical and 
1. Specific gravity 25°/25° C. (77°/77° F.), ebomica Pron: 
not less than 1.020 
Omenlashepointes 2. not less than 175° C. (347° F.) 
SeMelpin= point. 40° GC. (104° F.) to 60° C. (140° F.) 
45 Penetration at 25: ©. (i E.), 100}e. 5) sec 2 50 to 60 
Penliossat 163° ©..\(825 ¥.) 5 hoursaes== not more than 1.0% 
a. Penetration of residue at 25° C. (77° F.) 100 g., 5 
SG Ciune se ae nals not less than 30 | 


6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
a. Organic matter insoluble_________ not more than 0.2% 
Note.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 
Tests of the physical and chemical properties of the oil asphalt melons of test- 
shall be made in accordance with the following methods: ee 


1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 

2. Flash point (open cup), U. S. Department of Argiculture 
Bulletin 314, p. 17. 

3. Melting point, A. S. T. M. Tentative Standard D 36-16-T, 
Proceedings A. 8S. T. M., 1916, p. 549. 

4. Penetration, A. S. T. M. Standard Test D 5-16. 

5. Volatilization test, U. S. Department of Agriculture Bul- 
letin 314, p. 19, using 50 gram sample. 

6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the con- 
struction of graded fine aggregate bituminous concrete in the 
southern United States or for sheet asphalt construction in the 
northern United States. It may also be used as a seal coat on tar 
macadam or tar concrete roads. It is intended to cover satisfac- 
tory grades of oil asphalt prepared from Mexican, California, 
Texas, and other petroleums. 

In fine aggregate bituminous concrete construction it should 
be used in the manner outlined under specification OA-—5. 

Sheet asphalt construction contemplates a mixture of the oil 
asphalt with properly graded sand and a Jnineral filler. The 
asphalt and sand should be heated separately to a temperature 
of from 275° F. to 325° F. The filler should be added to the 
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hot sand and followed by the asphalt. The mixture should con- 
tain from 9 per cent to 12 per cent bitumen and will vary within 
these limits with the exact grading of the aggregate. After 
thorough mixing the hot mixture should be deposited in a 
uniform layer on a binder course which has been previously 
laid over a concrete base. It should be laid to such depth that 
it will yield a uniform layer 1% or 2 inches in thickness as may 
be required after thorough rolling. 

As a seal coat for tar macadam or tar concrete roads it is 
applied during construction of the road at a temperature of 
from 300° F. to 350° F. It is used as a substitute for tar seal 
coat and may be applied at the same rate and covered in the 
same manner as described under Specifications TP-2 and TP-38. 


OA-7. OIL ASPHALT FOR CONSTRUCTION. 


The oil asphalt shall be homogeneous, free from water, and 
shall not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements: 


. Specific gravity 25°/25° C. (77°/77° F.) __not less than 1.020 
MelaShs pointes te Teese not less than 175° C. (347° F.) 
. Melting point________ 45° ©, (113° F.) to 65° C. (149° F. 
. Penetration at 25° C. (77° F.), 100 g., 5 sec______ 40 to 50 
. Loss at 163° C. (325° F.) 5 hours____not more than 1.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g,, 
OS a1 Maes I a ae) UNTIL not less than 25 

6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
a. Organic matter insoluble_________ not more than 0.2% 


Notre.—Material for any one contract shall not vary more than 0.020 
in specific gravity nor more than 10° C. in melting point within the test 
limits above specified. 


ar wn 


General. 


Physical and 
chemical prop- 
erties. 


Tests of the physical and chemical properties of the oil asphalt Rethode of test- 


shall be made in accordance with the following methods: 

1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 

2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 

3. Melting point, A. S. T. M. Tentative Standard D 36-16 T, 
Proceedings A. S. T. M., 1916, p. 549. 

4. Penetration, A. S: T. M. Standard Test D 5-16. 

5. Volatilization test, U. S. Department of Agriculture Bulle- 
tin 314, p. 19, using 50 gram sample. 

6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used for sheet 
asphalt construction in the southern United States or for the 
same type of construction in the northern United States to with- 
stand very heavy traffic. It is intended to cover satisfactory 
grades of oil asphalts prepared from Mexican, California, Texas, 
and other petroleums. 

Sheet asphalt construction contemplates a mixture of the oil 
asphalt with properly graded sand and a mineral filler. The 
asphalt and sand should be heated separately to a temperature of 
from 275° F. to 325° F. The filler should be added to the hot sand 
and followed by the asphalt. The mixture should contain from 
9 per cent to 12 per cent bitumen and will vary within these limits 
with the exact grading of the aggregate. After thorough mixing 
the hot mixture should be deposited in a uniform layer on a 
binder course which has been previously laid over a concrete base. 
It should be laid to such depth that it will yield a uniform layer 

4 or 2 inches in thickness as may be required after thorough 
rolling. 
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OAF-1. OIL ASPHALT FOR POURED-JOINT FILLER. 


The oil asphalt shall be homogeneous, free from water, and 
shall not foam when heated to 200° C. (392° F.). 
It shall meet the following requirements: 
1. Specific gravity 25°/25~ C. (T° /1T” F), 
not less than 0.980 


DAthVash. POM tess ema st not less than 200° C. (392° F.) 
3. Melting point=___--_ not less than 80° C. (172° F.) 
4. Penetration at 25° C. (77° F.), 100 g., 5 see________ 30 to 50 


Penetration at 0° C. (32° F.), 200 g., 1 min., 
not less than 20 
Penetration at 46.1° C. (115° F.), 50 g., 1 sec., 
not more than 100 
5. Loss at 163° C. (325° F.), 5 hours____not more than 1.0% 
Penetration of residue at 25° C. (77° F.), 100 g., 5 sec, 
not less than 20 
6. Total bitumen (soluble in carbon disulphide), 
not less than 99.5% 
a. Organic matter insoluble_______ not more than 0.2% 
Tests of the physical and chemical properties of the oil asphalt 
shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. < 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Melting point, A. S. T. M. Tentative Standard D 36-16 T, 
Proceedings A. S. T. M. 1916, p. 549. 
4. Penetration, A. S. T. M. Standard Test D 5-16. 
5. Volatilization test, U. S. Department of Agriculture Bulletin 
314, p. 19, using 50 gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for an oil asphalt filler to be used in 
filling the joints of brick or stone block pavements. It may also 
be used to fill expansion joints. 

All of the longitudinal and transverse joints between the brick 
should, when clean and dry, be completely filled with the bitu- 
minous filler heated to a temperature of not less than 350° F., 
nor more than 400° F., as directed. The filler should preferably 
be applied by means of pouring cans provided with a conical 
outlet and means for the control of the flow of filler. A top 
dressing of clean dry sand should be spread immediately after 
the filler is applied. 


NA-1. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogenous, free from water, General. 


and shall not foam when heated to 175° C. (347° F.)- 
It shall meet the following requirements: 


MeL aSha pointes eee not less than 175° C. (347° F.) 
- WG? Taxon nay ee 35°. C. (Gas) 04s Cy (3° a) 
. Penetration at 25° C. (77° F.) 100 g., 5 sec______ 120 to 150 
moss atiGe, © (25° H), 5 hoursm2= not more than 3.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 5 see. 
not less than 60 

6. Total bitumen (soluble in carbon disulphide), 
not less than 95.0% 
b. Inorganic matter insoluble______-_----- 1.5% to 2.5% 


ap Wp 


Physical and 


chemical 


. Specific gravity 25°/25° C. (77°/77° F.) ---_-1.025 to 1.050 erties, 


prop- 


Tests of the physical and chemical properties of the fluxed Methods of test- 


native asphalt shall be made in accordance with the following 
‘methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Melting point, A. S. T. M. Tentative Standard D 36-16 T. 
Proc. A. S. T. M. 1916, p. 549. 
4, Penetration, A. S. T. M. Standard Test D 5-16. 
5. Volatilization test, U. S. Department of Agriculture Bulle- 
tin 314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the 
construction of bituminous macadam in the northern United 
States. It is intended to cover satisfactory grades of products 
prepared by fluxing Bermudez asphalt. 

It should be applied at a temperature of from 275° F., to 350° 
F., to the upper or wearing course of compacted broken stone 
at the rate of from 14 to 1% gallons per square yard. The ap- 
plication may be made by means of pouring pots or by a pressure 
distributor so designed that it will not produce ruts during 
application. The above quantities are based on a wearing course 
3 inches in thickness before rolling, composed of a product which 
will at least pass a 3-inch laboratory screen and be retained on a 
l-inch laboratory screen. The exact range in size should be 
governed by the kind and quality of rock used. The application 
should be followed by a sufficient amount of clean small sized 


ing. 
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broken stone to fill the surface voids when thoroughly rolled. 
A seal coat of the same bituminous material should then be 
applied at the rate of 0.4 to 0.6 gallon per square yard and covered 
with a sufficient amount of stone chips to just absorb the excess 
bitumen. Roads of this character may be maintained with oil 
surface treatments using the materials and methods given under 
Specification OC-2 or OH-1. Such maintenance treatments should 
be applied whenever the wear comes directly upon the wearing 
course rock. 


The fluxed native asphalt shall be homogeneous, free from General. 


NA-2. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


water, and shall not foam when heated to 175° C. (347° F.) 
It shall meet the following requirements: 


ElASM pOINtescee ant not less than 175° C. (347° F.) 
MMeliine pointe... = AQ= C. (104gan to 50m) ©. (122% 1: ) 
. Penetration at 25° C. (77° F.), 100 g., 5 sec______ 90 to 120 
. Loss at 163° GC. (325° F.), 5 hours____not more than 3.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g,, 
SO Cure aea tee anes 2 | ee not less than 45 

Total bitumen (soluble in carbon disulphide), 
not less than 95.0% 
b. Inorganic matter insoluble____________ 1.5% to 2.5% 


or WN eH 


= 


Physical and 


chemical 


. Specific gravity 25°/25° C. (77°/77° F.)_-----1.030 to 1.050 erties. 


prop- 


Tests of the physical and chemical properties of the fluxed Methods of test- 
native asphalt shall be made in accordance with the following 
methods: 


1. 
2. 
3. 


4, 
. Volatilization test, U. S. Department of Agriculture Bulletin 


Specific gravity,-U. S. Department of Agriculture Bulletin 
314, p. 5. 

Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. : 

Melting point, A. S. T. M. Tentative Standard D 36-16 T. 
Proc. A. S. T. M. 1916, p. 549. 

Penetration, A. S. T. M. Standard Test D 5-16. 


314, p. 19, using 50 gram sample. 


. Total bitumen, U. S. Department of Agriculture Bulletin 


314, p. 25. 


This specification provides for a material to be used in the con- 
struction of bituminous macadam in the middle belt of the United 
States. It is intended to cover satisfactory grades of products 
prepared by fluxing Bermudez asphalt. 

It should be applied at a temperature of from 300° F. to 350° F., 
to the upper or wearing course of compacted broken stone at 
the rate of from 13 to 1? gallons per square yard. The applica- 
tion may be made by means of pouring pots or by a pressure dis- 
tributor so designed that it will not produce ruts during appli- 
eation. The above quantities are based on a wearing course 3 
inches in thickness before rolling, composed of a product which 
will at least pass a 38-inch laboratory screen and be retained on a 
l-inch laboratory screen. The exact range in size should be 
governed by the kind and quality of rock used. The application 
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should be followed by a sufficient amount of clean small sized 
broken stone to fill the surface voids when thoroughly rolled. A 
seal coat of the same bituminous material should then be ap- 
plied at the rate of 0.4 to 0.6 gallon per square yard and covered 
with a sufficient amount of stone chips to just absorb the excess 
bitumen. Roads of this character may be maintained with oil 
surface treatments using the materials and the methods given 
under specifications OC—2 or OH-1. The latter is usually to be 
preferred. Such maintenance treatments should be applied when- 
ever the wear comes directly upon the wearing course rock. 


NA-3. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogeneous, free from 
water, and shall not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements: 


General. 


1. Specific gravity, 25°/25° C. (77°/77° F.)_-----1.050 to 1.070 physical and 
PembPashunOing. 2 22 ok not less than 175° C. (347° F.) chemical prop- 
3. Melting point_______-~- A0%.C: (1042S) £0 502 C2 G22" F:) 
4, Penetration at 25° CG. (77° F.), 100 g., 5 seec________ 80 to 90 
5. Loss at 163° C. (325° F.), 5 hours______ not more than 3.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 5 
SC CHa aie See ateeae Se a not less than 40 


6. Total bitumen (soluble in carbon disulphide), 
not less than 95.0% 
b. Inorganic matter insoluble____________~ 1.5% to 3.0% 


Tests of the physical and chemical properties of the fluxed methods of test- 
native asphalt shall be made in accordance with the following ing. 


methods: 
1. Specifie gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
8. Melting point, A. S. T. M. Tentative Standard D 36-16 T. 
Proc. A. S. T. M. 1916, p. 549. 
4. Penetration, A. 8S. T. M. Standard Test D 5-16. 
. Volatilization test, U. S. Department of Agriculture Bulletin 
314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 314, 
De25: 


On 


This specification provides for a material to be used in the con- 
struction of bituminous macadam in the southern United States, 
or for one size stone bituminous concrete in the northern United 


States. It is intended to cover satisfactory grades of products 


prepared by fluxing Bermudez asphalt. 

In bituminous macadam construction it should be applied in the 
manner outlined under Specification NA-2. 

One size stone bituminous concrete contemplates a mixture of 
the fluxed asphalt with a crusher product passing a 14-inch screen 
and retained upon a one-half inch screen. The bituminous mate- 
rial should be heated to a temperature of from 275° F. to 325° F., 
and the crushed stone to a temperature of from 150° F. to 250° F., 
before mixing. The mixture should contain from 5% to 7% 
bitumen and will vary within these limits with the exact grading 
of the aggregate. The hot mixture should be deposited in a uni- 
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form layer over a concrete or well compacted broken stone or 
gravel foundation to such depth that it will yield a uniform layer 
2 inches in thickness after thorough rolling. A seal coat of the 
same bituminous material should then be applied at the rate of 
0.4 to 0.6 gallon per square yard and covered with a sufficient 
amount of stone chips to just absorb the excess bitumen. Roads 
of this character may be maintained with oil surface treatments 
using the materials and methods given under Specifications OC-—2 
or OH-1. The latter is usually to be preferred. Such mainte- 
nance treatments should be applied whenever the wear comes 
directly upon the wearing course rock. 


NA-4. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogenous, free from water 
and shall not foam when heated to 175° C. (347° F.) 
It shall meet the following requirements: 


1. Specific gravity 25°/25° C. (77°/77° F. )------1, 050 to 1.070 
RaSh point. 2. ee ne not less than 175° C. (347° F.) 
8. Melting point__________ 40°C (104) to 502 C2225.) 
Ae Penetration at 25° C. (1°. F.), 100/25 sec____. 70 to 80 
5. Loss at 163° C. (325° F.), 5 hours__-___ not more than 3.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 

ES) ASS EY OG lee EE not less than 35 


6. Total bitumen (soluble in carbon disulphide), 
not less than 95.0% 
b. Inorganic matter insoluble_____________ 2.0% to 3.5% 


, General. 


Physical and 


chemical 
erties. 


prop- 


Tests of the physical and chemical properties of the fluxed ats of test- 


native asphalt shall be made in accordance with the following — 
methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
IAS ps D: 
2. Flash point (open cut), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
8. Melting point, A. S. T. M. Tentative Standard D36 16T., 
Proc. A. 8. T. M. 1916, p. 549. 
4, Penetration, A. S. T. M. Standard Test D5-16. 
5. Volatilization test, U. S. Department of Agriculture Bulletin 
314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 314, 
p. 25. 


This specification provides for a material to be used in the con- 
struction of one size stone bituminous concrete in the southern 
United States or of graded coarse aggregate bituminous concrete 
in the northern United States. It is intended to cover satisfac- 
tory grades of products prepared by fluxing Bermudex asphalt. 

In one size stone bituminous concrete construction it should 
be used in the manner outlined under Specification NA-8. 

Graded coarse aggregate bituminous concrete contemplates a 
mixture of the fluxed asphalt with crushed stone or a mixture 
of crushed stone and sand, well graded in size, from particles 
approximately one-half the thickness of the wearing course to dust. 
The bituminous material should be heated to a temperature of 
from 275° F. to 325° F., and the mineral aggregate to a temper- 
ature of from 250° F. to 300° F. before mixing. The mixture 
should contain from 6 per cent to 8 per cent bitumen and will 
vary within these limits with the character of the rock and the 
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exact grading of the aggregate. The hot mixture should be de- 
posited in a uniform layer over a concrete or well compacted 
broken stone or gravel foundation to such depth that it will yield 
a uniform layer 2 inches in thickness after thorough rolling. 
A seal coat of the same bituminous material should then be 
applied at the rate of 0.4 to 0.6 gallon per square yard and covered 
with a sufficient amount of chips to just absorb the excess bitumen. 
Roads of this character may be maintained with oil surface 
treatments, using the materials and methods given under Specifi- 
eations OC-2 or OH-1. The latter is usually to be preferred. 
Such maintenance treatments should be applied whenever the 
wear comes directly upon the wearing course rock. 


NA-5. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogeneous, free from General. 


water, and shall not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements: 


Physical and 


chemical 


1. Specific gravity 25°/25° C. (77°/77° F.)_----1.050 to 1.070 erties. 
Pemislasiie points. seit eis: not less than 175° C. (347° F.) 
Se VMeltine point= = == 45° GC. (dB =H) to 55° Cl 131" FF.) 
4, Penetration at 25° C. (77° F.), 100 g., 5 sec_______ 60 to 70 
5. Loss at 163° C. (325° F.), 5 hours____not more than 3.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g., 
EBS SSX I Te RU not less than 30 
6. Total bitumen (soluble in carbon disulphide), not less 

than 94.5%. 

b. Inorganic matter insoluble___________ 2.0% to 3.5% 


prop- 


Tests of the physical and chemical properties of the fluxed Methods of test- 


native asphalt shall be made in accordance with the following 
methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Melting point, A. S. T. M. Tentative Standard D-36-16 T., 
Proc. A. S. T. M., 1916, p. 549. 
4, Penetration, A. S. T. M. Standard Test D 5-16. 
. Volatilization test, U. S. Department of Agriculture Bulletin 
314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


on 


This specification provides for a material to be used in the con- 
struction of graded coarse aggregate bituminous concrete in the 
southern United States or of graded fine aggregate bituminous con- 
crete in the northern United States. It is intended to cover satis- 
factory grades of products prepared by fluxing Bermudez asphalt. 

In graded coarse aggregate bituminous concrete construction it 
should be used in the manner outlined under Specification NA-4. 

Graded fine aggregate bituminous concrete contemplates a mix- 
ture of the fluxed asphalt with crushed stone or a mixture of 
erushed stone and sand well graded in size from particles that 
will pass a one-half-inch laboratory screen to dust such as the 
“Topeka ” type of pavement with its modifications. The bitumi- 
nous material should be heated to a temperature of from 275° F. 
to 325° F. and the mineral aggregate to a temperature of from 


ing. 
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250° F. to 300° F. before mixing. The mixture should contain 
from 7 per cent to 11 per cent bitumen and will vary within these 
limits with the character of the rock and the exact grading of 
the aggregate. The hot mixture should be deposited in a uni- 
form layer over a concrete or a well-compacted broken stone or 
gravel foundation to such depth that it will yield a uniform layer 
two inches in thickness after thorough rolling. A seal coat should 
not be necessary on this type of pavement, which is usually main- 
tained by patching with the same mixture used in construction. 


NA-6. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogeneous, free from general, 


water, and shall not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements: 
. Specific gravity 25°/25° C. (77°/77° FB.) _-_-_-1.050 to 1.070 
seblashipoinpe ote oe not less than 175° C. (347° F.) 
. Melting point________ Ane C,, (Lise to bd> C)-lsie FE.) 
eenetration at-25,.C:, (77 -F.)., 100re., 5) Ssee_L_ 50 to 60 
. Loss at 163° C. (325° F.), 5 hourgs____not more than 3.0% 
a. Penetration of residue at 25° ©. (77° F.), 100 g,, 
USC G@ataee RUS eabene not less than 25 
6. Total bitumen (soluble in carbon disulphide), not less 
than 94.0%. 

b. Inorganic matter insoluble _____________ 2.5% to 4.0% 


or WN eH 


Physical and 
chemical 
erties. 


prop- 


Tests of the physical and chemical properties of the fluxed Betheis of test- 


native asphalt shall be made in accordance with the following 
methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Melting point, A. 8S. T. M. Tentative Standard D 36-16 T. 
Se eroc AL Sa Me toi. p., 549: 
4. Penetration, A. S. T. M. Standard Test D 5-16. 
5. Volatilization test, U. S. Department of Agriculture Bul- 
letin 314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the 
construction of graded fine aggregate bituminous concrete in the 
southern United States or for sheet asphalt construction in the 
northern United States. It is intended to cover satisfactory 
grades of products prepared by fluxing Bermudez asphalt. 

In fine aggregate bituminous concrete construction it should 
be used in the manner outlined under Specification NA-5. 

Sheet asphalt construction contemplates a mixture of the 
fluxed asphalt with properly graded sand and a mineral filler. 
The bituminous material and sand should be heated separately to 
a temperature of from 275° F. to 325° F. The filler should be 
added to the hot sand and followed by the asphalt. The mixture 
should contain from 9 to 12 per cent bitumen and will vary 
within these limits with the exact grading of the aggregate. 
After thorough mixing the hot mixture should be deposited in 
a uniform layer on a binder course which has been previously 
laid over a concrete base. It should be laid to such depth that it 
will yield a uniform layer 14 or 2 inches in thickness as may be 
required after thorough rolling. 
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NA-7. FLUXED BERMUDEZ ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogeneous, free from 
water, and shall not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements: 


. Penetration at 25° C. (77° F.), 100 g., 5 see________ 40 to 50 
WMLOSs at 163°C. Cola es) bo hours. ne not more than 3.0% 
a. Penetration of residue at 25° C. (77° F.), 100 g,, 
LES 2Y Cebu Ra pA ee ts ose my sue not less than 20 
6. Total bitumen (soluble in carbon disulphide), 
not less than 94.0% 
b. Inorganic matter insoluble_____________2. 2.5% to 4.0% 
Tests of the physical and chemical properties of the fluxed 
native asphalt shall be made in accordance with the following 
methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of pericalture 
Bulletin 314, p. 17. 
3. Melting point, A. S. T. M. Tentative Standard D 36-16 T. 
Proc. A. S. T. M. 1916, p. 549. 
4. Penetration, A. S. T. M. Standard Test D 5-16. 
5. Volatilization test, U. S. Department of Agriculture Bulle- 
tin 314, p. 19, using 50 gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


1 Specific:sravity 25°/250 C. (10/171 By 1, 055 to 4. Ofa 
JE AS MeO Mb 2. eee ee not less than 175° C. (347° F.) 
3. Melting point________ Als? (Oy (abby 19) 00) ain (Ge (IR L2 1p) 
4 
5 


This specification provides for a material to be used for sheet 
asphalt construction in the southern United States or for the 
same type of construction in the northern United States to with- 
stand. very heavy traffic. It is intended to cover satisfactory 
grades of products prepared by fluxing Bermudez asphalt. 

Sheet asphalt construction contemplates a mixture of the fluxed 
asphalt with properly graded sand and a mineral filler. The 
asphalt and sand should be heated separately to a temperature of 
from 275° F. to 325° F. The filler should be added to the hot 
sand and followed by the asphalt. The mixture should contain 
from 9 per cent to 12 per cent bitumen and will vary within these 
limits with the exact grading of the aggregate. After thorough 
mixing the hot mixture should be deposited in a uniform layer on 
a binder course which has been previously laid over a concrete 
base. It should be laid to such depth that it will yield a uniform 
layer 14 or 2 inches in thickness as may be required after 
thorough rolling. 


NA-8. FLUXED TRINIDAD ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogeneous, free from 
water, and shall not foam when heated to 175°C. (347°F.). 

It shall meet the following requirements: 
. Specific gravity 25°/25° C. (77°/77° F.)_____1.200 to 1.250 


il 
Pere tash OIE ee eet not less than 175°C. (347°F.) 
Seeking poms ee ae AD’ C. (Ga3ek.)\ to 55-C-(131°R.) 
4. Penetration at 25°C. (77°F.), 100 g., 5 see________ 50 to 60 
H. toss at 163°C. (325 F.), 5 hours222- "| not more than 3.0% 
a. Penetration of residue at 25°C. (77°F.), 100 g., 
ENS OG eter ss Se rc: eee ee not less than 25 


6. Total bitumen (soluble in carbon disulphide), 
not less than 68.0% 
6b. Inorganic matter insoluble____________ 20.0% to 30.0% 


General. 


Physical and 


chemical 
erties. 


prop- 


Tests of the physical and chemical properties of the fluxed pethods of test- 


native asphalt shall be made in accordance with the following 
methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p: 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
8. Melting point, A. S. T. M. Tentative Standard D 36-16 T. 
Proc. A. S. T. M. 1916, p. 549. 
4, Penetration, A. S. T. M. Standard Test D 5-16. 
5. Volatilization test, U. S. Department of Agriculture Bul- 
letin, 314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used for sheet 
asphalt construction in the northern United States. It is in- 
tended to cover satisfactory grades of products prepared by flux- 
ing Trinidad asphalt. 

Sheet asphalt construction contemplates a mixture of the fluxed 
asphalt with properly graded sand and a mineral filler. The 
asphalt and sand should be heated separately to a temperture of 
from 275° F. to 325° F. The filler should be added to the hot sand 
and followed by the asphalt. The mixture should contain from 
9 per cent to 12 per cent bitumen and will vary within these 
limits with the exact grading of the aggregate. After thorough 
mixing the hot mixture should be deposited in a uniform layer on 
a binder course which has been previously laid over a concrete 
base. It should be laid to such depth that it will yield a uniform 
layer 14 or 2 inches in thickness as may be required after thor- 
ough rolling. ' 


ing. 
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NA-9. FLUXED TRINIDAD ASPHALT FOR CONSTRUCTION. 


The fluxed native asphalt shall be homogeneous, free from 
water, and shall not foam when heated to 175° C. (347° F.). 
It shall meet the following requirements : 
1. Specific gravity, 25°/25° C. (77°/77° F.)_-_---1.210 to 1.270 


Dun ashe polite s: 4+ not less than 175° C. (347° F.) 
3. Melting point____-___ 5Os1C. (122° H.), to.60° CG, @140° F) 
4, Penetration at 25° C. (77° F.), 100 g., 5 sec_______— 40 to 50 
5. Loss at 163° C. (325° F.), 5 hours____not more than 3.0% 


a. Penetration of residue at 25° C. (77° F.), 100 g., 5 
Se CHLie V2 en ee not less than 20 
6. Total bitumen (soluble in carbon disulphide), 
not less than 65.0% 
b. Inorganic matter insoluble___________ 22.0% to 32.0% 
Tests of the physical and chemical properties of the fluxed 
native asphalt shall be made in accordance with the following 
methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Flash point (open cup), U. S. Department of Agriculture 
Bulletin 314, p. 17. 
3. Melting point, A. S. T. M. Tentative Standard D 36-16 T. 
Proc. A. S. T. M. 1916, p. 549. 
4, Penetration, A. S. T. M. Standard Test D 5-16. 
5. Volatilization test, U. S. Department of Agriculture Bulle- 
tin 314, p. 19, using 50-gram sample. 
6. Total bitumen, U. S. Department of Agriculture Bulletin 
814, p. 25. 


This specification provides for a material to be used for sheet 
asphalt construction in the southern United States or for the 
same type of construction in the northern United States to with- 
stand very heavy traffic. It is intended to cover satisfactory 
grades of products prepared by fluxing Trinidad asphalt. 

Sheet asphalt construction contemplates a mixture of the fluxed 
asphalt with properly graded sand and a mineral filler. The 
asphalt and sand should be heated separately to a temperature of 
from 275° F. to 325° F. The filler should be added to the hot 
sand and followed by the asphalt. The mixture should contain 
from 9 per cent to 12 per cent bitumen and will vary within these 
limits with the exact grading of the aggregate. After thorough 
mixing the hot mixture should be deposited in a uniform layer 
on a binder course which has been previously laid over a concrete 
base. It should be laid to such depth that it will yield a uniform 
layer 13 or 2 inches in thickness as may be required after thor- 
oughly rolling. 


TC-1. TAR FOR COLD APPLICATION. 


The tar shall be homogeneous. 
It shall meet the following requirements: 
1. Specific gravity 25°/25° C. (77°/77° F.)__not less than 1.100 BB ysieal and 


General. 


rop- 
2. Specific viscosity at 40° C. (104° F.)___--______ + __- 8 to 18 erties. ce 
3. Total distillate by weight: 
ROMO ms Onn (GSS eis) mee TNE not more than 5 per cent 
MOO Ce (olSS Hy yes ee not more than 30 per cent 
Mor s00e C1(d12 Hee oe not more than 40 per cent 


4, Total bitumen (soluble in carbon disulphide), 
not less than 90% 
Tests of the physical and chemical properties of the tar shall iho: of test- 
be made in accordance with the following methods: ines 
1. Specific gravity, Department of Agriculture Bulletin 
314, p. 4. 
2. Specific viscosity (on first 50 cc.) U. S. Department of 
Agriculture Bulletin 314, p. 7 
3. Distillation test, A. S. T. M. Standard Test D 20-16. 
4. Total bitumen (soluble in carbon disulphide) 
not iess than 90% 
314, p. 25. 


This specification provides primarily for a material to be used 
as a primer coat on macadam, gravel, or shell roads to be imme- 
diately followed by a more viscous product (Specification TH-1). 
It may be used alone for the cold surface treatment of the above 
types of road in the manner described under Specification TC-2, 
which provides for a material better adapted to this purpose. It 
may also be used for the maintenance of tar macadam or tar 
concrete roads. The specification is intended to cover gas house, 
coke oven, and water gas tar products. 

If used as a primer coat, the road surface should be in a good 
state of repair, well consolidated, free from holes or depressions, 
and thoroughly swept for the removal of dust and detritus be- 
fore the application is made, Newly constructed or reconstructed 
roads should be permitted to consolidate under traffic before the 
tar is applied. The tar may be applied without heating by a 
pressure distributer at a uniform rate of 0.2 to 0.8 gallon per 
square yard. The primer coat should be permitted to soak in 
undisturbed for from 18 to 24 hours, after which it should be 
given a very light covering of stons chips or fine gravel in just 
sufficient quantity to prevent the distributor wheels from picking 
up the surface. The second application should be a heavier tar 
(Specification TH-1). Roads having a double treatment as above 
deseribed should yield somewhat longer service than those having 
only a single treatment. They may be maintained by subsequent 
hot or cold applications of tar (Specifications TH-1 or TC-2). 
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TC-2. TAR FOR COLD APPLICATION. 


The tar shall be homogeneous. 
It shall meet the following requirements: 


1. Specific gravity 25°/25° C. (77°/77° F.)__-_-1.100 to 1.140 
2. Specific viscosity at 40° C. (104° F.)_--__-________ 25 to 35 
8. Total distillate by weight: 
MowdTO Cs (S38 pk) ee oe not more than 2.0 per cent 
Atay BOs Oh (Ame TP) a not more than 25.0 per cent 
his BOOP ORM GPa.) es not more than 35.0 per cent 


4, Total bitumen (soluble in carbon disulphide) __ 95% to100% 
Tests of the physical and chemical properties of the tar shall 
be made in accordance with the following methods: 

1. Specific gravity, Department of Agriculture Bulletin 314, 
p. 4. 

2. Specific viscosity (on first 50 c. c.), U. S. Department of 
Agriculture Bulletin 314, p. 7. 

3. Distillation test, A. S. T. M. Standard Test D 20-16. 

4. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides primarily for a material to be used 
in the surface treatment of macadam, gravel, or shell roads to 
form a thin wearing mat or carpet which may be built up by sub- 
sequent maintenance treatment of either the same type of mate- 
rial or a heavier product (Specification TH-1). It may also be 
used for maintenance of tar macadam or tar concrete roads, for 
which purpose it is considered preferable to specification TC-—1. 
The specification is intended to cover water-gas tar and low car- 
bon coke-oven tar products. 

A successful treatment requires that the road surface shall be 
in a good state of repair, well consolidated, free from holes or 
depressions, and thoroughly swept for the removal of dust and 
detritus before the application is made. Newly constructed or 
reconstructed roads should be permitted to consolidate under 
traffic before the tar is applied. The tar may usually be applied 
without heating excepting when cold weather renders it too vis- 
cous to distribute properly. The initial application should be 
made by means of a pressure distributor at the rate of from one- 
third to one-half gallon per square yard. It should be covered 
with a uniform layer of dustless broken stone all of which will 
pass a one-half or three-quarter inch laboratory screen or pea 
gravel, which will pass a one-half inch laboratory screen in an 
amount just sufficient to absorb the bitumen and to prevent the 
surface from picking up under traffic. Subsequent applications 
may be made by a pressure distributor or by brooming the tar 
uniformly over the road surface. From one-tenth to one-fifth gal- 
lon per square yard will usually prove sufficient, and this may be 
covered with coarse sand or stone chips which will pass a one-half 
inch laboratory screen. Under favorable conditions a treatment 
should last throughout at least one season. 


TC-3. TAR FOR COLD PATCHING. 


General. 
The tar shall be homogeneous. 
It shall meet the following requirements: Physical and 
: - ° ° =O 2 chemical prop- 
1. Specific gravity 25°/25° C. (77°/77° F.)______1.100 to 1.200 erties. 
Pe SPeCiie WASCOSItY: at 40 ©. (1045 ne) pee eae 40 to 70 
3. Total distillate by weight: 
I hay TE Z AO) Ceh (Bete Sp ce ee not less than 2.0 per cent 
NOHO Oss (SR) ee RRR hs 15 to 25 per cent 
Tha) BOO? (ORY G5 109) | ee not more than 30.0 per cent 


4, Total bitumen (soluble in carbon disulphide), 
not less than 80% 
Tests of the physical and chemical properties of the tar shall be Methods of test- 
= 4 ing. 
made in accordance with the following methods: 

1. Specific gravity, Department of Agriculture Bulletin 314, 
p. 4. 

2. Specific viscosity (on first 50 ec. c.), U. S. Department of 
Agriculture Bulletin 314, p. 7. 

3. Distillation test, A. S. T. M. Standard Test D 20-16. 

4. Total bitumen, U. 8. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the re- 
pair of surface breaks, holes and depressions in bituminous-bound 
and surface-treated roads. It is intended to cover preparations 
consisting of gas-house, coke-oven, or water-gas tars or pitches 
which have been rendered sufficiently fluid by the addition of 
distillates to enable them to be handled without heating. 

For surface breaks and shallow depressions or those which in 
general do not exceed one-half inch in depth, a patch may be 
made by painting the bottom of the depression with the tar, and 
seattering over it a sufficient amount of stone chips to fill the 
depression. 

In repairing deeper depressions and holes, the old material 
should be removed to yield a clean bottom. The sides of the hole 
should be cut, approximately vertical. A mixture of graded broken 
stone with just a sufficient amount of tar to thoroughly coat each 
particle should be prepared, and firmly tamped into the hole to 
form a neat patch in the surface. A thin layer of sand or screen- 
ings over the patch will prevent it from picking up under traffic. 
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TH-1. REFINED TAR FOR HOT APPLICATION. 


The refined tar shall be homogeneous and free from water. 
It shall meet the following requirements: 
1. Specific gravity 25°/25°C. (77°/77°F.)__not less than 1.130 


2, JONORIG TSE en BY Op (G0) 10.) ae 60 sec. to 150 sec. 
3. Total distillate by weight: 
10) TOOL “(BRIA ) not more than 1 per cent 
Moe2On©.<((5i1S8 a9) peers not more than 15 per cent 
MopsOnC. (ace cH meere not more than 25 per cent 


4, Total bitumen (soluble in carbon disulphide), 
not less than 85 per cent 
Tests of the physical and chemical properties of the refined 
tar shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Float test, U. S. Department of Agriculture Bulletin 
314, p. 9. 
3. Distillation test, A. S. T. M. Standard Test D 20-16. 
4. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p 25. 


This specification provides primarily for a material to be used 
in the surface treatment of macadam, gravel, or shell roads, either 
with or without a primer coat (Specification TC-1) to form a 
wearing mat or carpet. A primer coat is particularly desirable on 
gravel or shell roads. It may also be used for the maintenance 
of tar macadam or tar concrete roads. The specification is in- 
tended to cover gas-house, coke-oven, and water-gas tar products. 

A successful treatment requires that the road surface shall be 
in a good state of repair, well consolidated, free from holes or 
depressions, and thoroughly swept for the removal of dust and 
detritus before the application is made, if a primer coat has not 
already been applied. Newly constructed and reconstructed roads 
should be permitted to consolidate under traffic before the tar is 
applied. The tar should be heated to a temperature of 200° F. 
to 250° F. before applying, and the application should be made 
by means of a pressure distributor at the rate of from one-third 
to one-half gallon per square yard. It should be covered with 
a uniform layer of dustless broken stone all of which will pass 
a l-inch or three-quarter-inch laboratory screen or pea gravel 
which will pass a one-half-inch laboratory screen in an amount ’* 
just sufficient to absorb the bitumen and to prevent the surface 
from picking up under traffic. Subsequent application may be 
made by a pressure distributor or by brooming the tar uniformly 
over the road surface. From one-tenth to one-fifth gallon per 
square yard will usually prove sufficient, and this may be covered 
with coarse sand or stone chips which will pass a half-inch lab- 
oratory screen. Under favorable conditions with occasional patch- 
ing of any breaks in the surface a treatment should last for 
several years. 3 


TP-1. REFINED TAR FOR CONSTRUCTION. 


The refined tar shall be homogeneous and free from water. General. 

It shall meet the following requirements: Physical and 
1. Specific gravity 25°/25° C. (77°/77° F.)__--_-1.150 to 1.200 Chemical prop- 
Pmwloat test ab 50 4 Ca(1227 Hh.) _-_ aa 90 sec. to 120 sec. 

3. Total distillate by weight: 
Tera TH) COL (GRiess 1S |e ee not more than 1.0 per cent 
Ra LTD? COR a(a aS Re) eae not more than 10.0 per cent 
Te UO? OB Gay PA=7 1 1) yan eee not more than 20.0 per cent 


(a) Melting point of residue, 
not more than 65° GC. (149° F.) 
4. Total bitumen (soluble in carbon disulphide) __97% to 100% 
Tests of the physical and chemical properties of the refined Methods of test- 
tar shall be made in accordance with the following methods: ing. 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314. p. 5. 
2. Float test, U. S. Department of Agriculture Bulletin 314, 
p. 9. 
38. Distillation test, A. S. T. M. Standard Test D 20-16. 
(a) Melting point, A. 8S. T. M. Tentative Standard D 
36-16 T, Proc. A. S. T. M. 1916—p. 549. 
4. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the 
construction of bituminous macadam in the extreme northern 
United States. It is intended to cover refined water-gas tar prod- 
ucts. 

It should be applied at a temperature of from 250° F. to 300° F. 
to the upper or wearing course of compacted broken stone at 
the rate of from 14 to 1% gallons per square yard. The applica- 
tion may be made by means of pouring pots or by a pressure dis- 
tributor so designed that it will not produce ruts during appli- 
eation. The above quantities are based on a wearing course 3 
inches in thickness before rolling, composed of a product which 
will pass a 2 to 8 inch laboratory screen and be retained on a 1- 
inch laboratory screen. The exact range in size should be gov- 
erned by the kind and quality of rock used. The application 
should be followed by a sufficient amount of clean small-sized 
broken stone to fill the surface voids when thoroughly rolled. A 
seal coat of the same tar or of hot asphalt (Specification QA-6) 
should then be applied at the rate of 0.4 to 0.6 gallon per square 
yard and covered with a sufficient amount of stone chips to just 
absorb the excess bitumen. Roads of this character may be main- 
tained with tar surface treatments, uSing the materials and 
methods given under Specifications TC-1, TC-2, or TH-1. Such 
maintenance treatments should be applied whenever the wear 
comes directly upon the wearing course rock. 
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TP-2. REFINED TAR FOR CONSTRUCTION. 


General. The refined tar shall be homogeneous and free from water. 


It shall meet the following requirements: 


Physical and 1. Specific gravity 25° C./25° C. (77°/77° F.)___1.200 to 1.250 


chemical prop- 


erties. 2. Moat test:at: 50° C212? Ws) = 2 es 90 sec. to 120 sec. 
3. Total distillate by weight: 

PoMROWCH (8387 He ye not more than 1.0 per cent 

MO 2707 Ch (518 hy) ee not more than 10.0 per cent 

To 3007C. (O72 4haye 22 not more than 20.0 per cent 


ad. Melting point of residue__not more than 65° C. (149° F.) 
4. Total bitumen (soluble in carbon disulphide), 

80 per cent to 97 per cent 
needs of test- Tests of the physical and chemical properties of the refined tar 
OS: shall be made in accordance with the following methods: 

1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 

2. Float test, U. 8S. Department of Agriculture Bulletin 314, p. 9. 

8. Distillation test, A. S. T. M. Standard Test D 20-16. 

* a. Melting point A. S. T. M. Tentative Standard D oar TY. 
Proc A. S. T. M., 1916, 549. 

4 Total bitumen, U S Department of Agriculture Bulletin 314, 

0, 2H. 


This specification provides for a material to be used in the con- 
struction of bituminous macadam in the extreme northern United 
States. It is intended to cover refined gas-house or coke-oven tar. 

It should be applied at a temperature of from 250° F. to 300° 
F. to the upper or wearing course of compacted broken stone at 
the rate of from 14 to 1¢ gallons per square yard. The applica- 
tion may be made by means of pouring pots or by a pressure dis- 
tributor so designed that it will not produce ruts during applica- 
tion. The above quantities are based on a wearing course 3 inches 
in thickness before rolling, composed of a product which will pass 
a 2 to 3 inch laboratory sereen and be retained on a 1-inch labo- 
ratory screen. The exact range in size should be governed by the 
kind and quality of rock used. The application should be fol- 
lowed by a sufficient amount of clean small sized broken stone to 
fill the surface voids when thoroughly rolled. A seal coat of the 
same tar or of hot asphalt (Specification OA-—6) shouid then be 
applied at the rate of 0.4 to 0.6 gallon per square yard and cov- 
ered with a sufficient amount of stone chips to just absorb the 
excess bitumen. Roads of this character may be maintained with 
tar surface treatments, using the materials and methods given un- 
der specifications TC-1, TC-2, or TH-1. Such maintenance treat- 
ments should be applied whenever the wear comes directly upon 
the wearing course rock. 


TP-3. REFINED TAR FOR CONSTRUCTION. 


The refined tar shall be homogeneous and free from water. General. 
It shall meet the following requirements: 
1. Specific gravity 25°/25° C. (77°/77° F.) _____-1.150 to 1.200 Physical and 
~pj0 ‘ ° chemical prop- 
Peailoat test at 50. ©1225 bh.) ae ____120 sec. to 150 sec. erties. 
38. Total distillate by weight: 
Mop wks (G3Se Hy) ee not more than 1.0 per cent 
Nor TOseC@a-(diliStibe) 2 as not more than 10.0 per cent 
MoORsOOr Ca(S02nvKs 2 not more than 20.0 per cent 


a. Melting point of residue, 
not more than 65° C. (149° F.) 
4. Total bitumen (soluble in carbon disulphide) __97% to 100% Methods of test- 
Tests of the physical and chemical properties of the refined tar ing. 
shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Float test, U. S. Department of Agriculture Bulletin 314, 
p. 9. 
38. Distillation test, A. S. T. M. Standard Test D 20-16. 
a. Melting point, A. S. T. M. Tentative Standard D 36— 
16 T. Proc. A. S. T. M. 1916, p. 549. 
4. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the 
eonstruction of bituminous macadam or one-size-stone bituminous 
concrete in the northern United States. It is intended to cover 
refined water-gas tar products. 

In bituminous macadam construction it should be applied in 
the manner outlined under Specification TP-2. : 

One-size-stone bituminous concrete contemplates a mixture 
of the tar with a crusher product passing a 14 inch screen and 
retained upon a 4 inch screen. The tar should be heated to a 
temperature of from 225° F., to 275° F., and the crushed stone 
to a temperature of from 150° F., to 250° F., before mixing. The 
mixture should contain from 5 per cent to 7 per cent bitumen and 
will vary within these limits with the character of the rock and 
the exact grading of the aggregate. The hot mixture should be 
deposited in a uniform layer over a concrete or well compacted 
broken stone or gravel foundation to such depth that it will yield 
a uniform layer two inches in thickness after thorough rolling. 
A seal coat of the same tar or of hot asphalt (Specification OA-6) 
should then be applied at the rate of 0.4 to 0.6 gallon per square 
yard and covered with a sufficient amount of stone chips to just 
absorb the excess bitumen. Roads of this character may be main- 
tained with tar surface treatments using the materials and 
methods given under Specifications TC—1, TC-2, or TH-1. Such 
maintenance treatments should be applied whenever the wear 
comes directly upon the wearing course rock. 


43 


General. 


Physical and 
chemical prop- 
erties. 


Methods of test- 
ing. 


44 


TP-4. REFINED TAR FOR CONSTRUCTION. 


The refined tar shall be homogeneous and free from water. 
It shall meet the following requirements: 


iM Specie sravity 25. /25mae) (s/t: He) sees 1.200 to 1.250 
PR IMMCENE THESE Bhs Or On (IBZ ” Ieee 120 see. to 150 sec. 
3. Total distillate by weight: 
Mow TO Co 33h yess tS not more than 1.0 per cent 
Oe TOR CHA (Sil Shih) eee not more than 10.0 per cent 
Mor OOr CO. ((Si2ie tk) eee not more than 20.0 per cent 


a. Melting point of residue_not more than 65° C. (149° FP.) 
4. Total bitumen (soluble in carbon disulphide) __80% to 97% 
Tests of the physical and chemical properties of the refined tar 
shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
. Float test, U. S. Department of Agriculture Bulletin 314, 
p. 9. 
3. Distillation tests, A. S. T. M. Standard Test D20-16. 
a. Melting point, A. 8S. T. M. Tentative Standard D386—- 
16 T, Proc. A. 8. T. M. 1916, p. 549. 
4. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 3 


iw) 


This specification provides for a material to be used in the con- 
struction of bituminous macadam or one size stone bituminous 
eonerete in the northern United States. It is intended to cover 
refined gas-house or coke-oven tar. 

In bituminous macadam construction it should be applied in 
the manner outlined under Specification TP—2. 

One-size stone bituminous concrete contemplates a mixture of 
the tar with a crusher product passing a 14-inch screen and re- 
tained upon a one-half-inch screen. The tar should be heated to 
a temperature of from 225° F. to 275° EF. and the crushed stone 
to a temperature of from 150° F. to 250° F. before mixing. The 
mixture should contain from 5 per cent to 7 per cent bitumen, 
and will vary within these limits with the character of the rock 
and the exact grading of the aggregate. The hot mixture should 
be deposited in a uniform layer over a concrete or well compacted 
broken stone or gravel foundation to such depth that it will yield 
a uniform layer 2 inches in thickness after thorough rolling. 
A seal coat of the same tar or of hot asphalt (Specification OA-6) 
should then be applied at the rate of 0.4 to 0.6 gallon per square 
yard and covered with a sufficient amount of stone chips to just 
absorb the excess bitumen. Roads of this character may be main- 
tained with tar surface treatments, using the materials and 
methods given under Specifications TC-1, TC-2, or TH-1. Such 
maintenance treatments should be applied whenever the wear 
comes directly upon the wearing-course rock, 


TP-5. REFINED TAR FOR CONSTRUCTION. 


The refined tar shall be homogeneous and free from water. General. 

It shall meet the following requirements: Physical and 
Pe Specitic sravity, 29/25. C. (77° Vda.) 223 24 150'to 1.200 sue prop- 
PMO t Lesh ab DU © 22> f)) eee 150 sec. to 180 sec. 

38. Total distillate by weight: 
ROMO MO (Goonies not more than 1.0 per cent 
emer Cel o Hey. 2 not more than 10.0 per cent 
TG) BOOS Cin ai Aad aap not more than 20.0 per cent 


a. Melting point of residue, 
not more than 65° C. (149° F.) 
4. Total bitumen (soluble in carbon disulphide) _-97% to 1007% flcthods of test- 
Tests of the physical and chemical properties of the refined tar 
shall be made in accordance with the following methods: 
1. Specific gravity, U. S. Department of Agriculture Bulletin 
314, p. 5. 
2. Float test, U. S. Department of Agriculture Bulletin 314, 
p. 9. 
38. Distillation test, A. S. T. M. Standard Test D 20-16. 
a. Melting point, A. S. T. M. Tentative Standard D 36-10 
T, Proc. A. S. T. M. 1916, p. 549. 
4. Total bitumen, U. S. Department of Agriculture Bulletin 
314, p. 25. 


This specification provides for a material to be used in the con- 
struction of bituminous macadam or one size stone bituminous - 
concrete in the southern United States. It is intended to cover 
refined water-gas tar products. 

In bituminous macadam construction it should be applied in the 
manner outlined under Specification TP-2. 

In one size stone bituminous-concrete construction it should be 
used in the manner outlined under Specification TP—4. 

In either type of construction the tar should be heated to from 
250° F. to 300° F. Roads of this character may be maintained 
with tar surface treatments, using the materials and methods 
given under Specifications TC-1, TC-2, or TH-1. Such mainte- 
nance treatments should be applied whenever the wear comes 
directly upon the wearing-course rock. 
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TP-6. REFINED TAR FOR CONSTRUCTION. 


Seaceal The refined tar shall be homogeneous and free from water. 
Physical and It shall meet the following requirements: 
EET iow yl pspecitic erayity 259/AamO.. (00/10 1H) 2 200 to 250 
G IMoaie Was air SOE Oy: (OB? 10 yee 150 sec. to 180 sec. 
3. Total distillate by weight: 
PONTO wis (BSS He) ee es not more than 1.0 per cent 
ANS BO On (ams) not more than 10.0 per cent 
Any SO OM area) ee not more than 20.0 per cent 


a. Melting point of residue, 
not more than 65° C. (149° F.) 
4, Total bitumen (soluble in carbon disulphide) __80% to 97% 


eae of test- Tests of the physical and chemical properties of the refined tar 
a shall be made in accordance with the following methods: 

1. Specific gravity, U. 8S. Department of Agriculture Bulletin 
314, p. 5. 

2. Float test, U. S. Department of Agriculture Bulletin 314, 
p. 9. 

3. Distillation test, A. S. T. M. Standard Test D 20-16. = 

a. Melting point, A. S. T. M. Tentative Standard D 
36-16 T, Proc. A. S. T. M. 1916, p. 549. 

4. Total bitumen, U. S. Department of Agriculture Bulletin 

3814, p. 25. 


This specification provides for a material to be used in the con- 
struction of bituminous macadam or one-size stone bituminous 
concrete in the southern United States. It is intended to cover 
refined gas-house or coke-oven tar. 

In bituminous-macadam construction it should be applied in the 
manner outlined under Specification TP-2. 

In one size stone bituminous-concrete construction it should be 
used in the manner outlined under Specification TP—4. 

In either type of construction the tar should be heated to from 
250° F. to 300° F. Roads of this character may be maintained 
with tar surface treatments, using the materials and methods 
given under Specifications TC-1, TC-2, or TH-1. Such mainte- 
nanee treatments should be applied whenever the wear comes di- 
rectly upon the wearing-course rock. 
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METHODS OF TESTING. 


The following methods of testing are those to which reference is made in the 
foregoing specifications. The descriptions taken from Department of Agri- 
culture Bulletin 314 have been condensed, but not changed in any essential 
particular unless so indicated in the specifications proper. 


SPECIFIC GRAVITY. 


[Bulletin 314, p. 4.] 
HYDROMETER METHOD. 


A sufficient quantity of material is poured into a tin cup, which is then 
placed in a large dish containing cold or warm water as occasion may require. 
The material in the cup should be stirred with a thermometer until it is brought 
to a temperature of 25° C., after which it should be immediately poured into 
a hydrometer jar and its gravity determined by means of the proper hydrometer. 
In case the hydrometer sinks slowly, owing to the viscosity of the material, it 
should be given sufficient time to come to a definite resting point, and tkis 
point should be checked by raising the hydrometer and allowing it to sink a 
second time. The hydrometer should never be pushed below the point at which 
it naturally comes to rest until the last reading has been made. It may then 
be pushed below the reading for a distance of three or four of the small divi- 
sions on the scale, whereupon it should immediately begin to rise. If it fails to 
do so, the material is too viscous for the hydrometer method, and the pycnom- 
eter method should be employed. 

The direct specific gravity reading obtained by the foregoing method is based 
upon water at 15.5° C. taken as unity. For all practical purposes this reading 
may be corrected to water at 25° C., considered as unity, by multiplying it by 
1.002. Thus: 

Specific gravity 25° C./25° O.=specifie gravity 25° C./15.5° C.x*1.002. 


SPECIFIC GRAVITY. 


[Bulletin 314, p. 5.] 
PYCNOMETER METHOD. 


The pycnometer, shown in figure 1, consists of a fairly heavy, straight-walled 
glass tube, 70 millimeters long and 22 millimeters in diameter, carefully ground 
to receive an accurately fitting solid glass stopper with a hole of 1.6 millimeters 
bore in place of the usual capillary opening. The lower part of this stopper is 
made concave in order to allow all air bubbles to escape through the bore. The 
depth of the cup-shaped depression is 4.8 millimeters at the center. The stop- 
pered tube has a capacity of about 24 cubic centimeters and when empty weighs 
about 28 grams. 

The clean, dry pycnometer is first weighed empty and this weight is called 
“a”. Tt is then filled in the usual manner with freshly distilled water at 25° C., 
and the weight is again taken and called “b”. A small amount of the bitumen 
should be placed in a spoon and brought to a fluid condition by the gentle ap- 
plication of heat, with care that no loss by evaporation occurs. When sufii- 
ciently fluid, enough is poured into the dry pycnometer, which may also be 


47. 


48 BULLETIN 691, U. S. DEPARTMENT OF AGRICULTURE. 


warmed, to fill it about half full, without allowing the material to touch the 
sides of the tube above the desired level. The tube and contents are then 


allowed to cool to room temperature, after which the tube 
is carefully weighed with the stopper. This weight is 
called “¢”. Distilled water, at 25° C., is then poured in 
until the pycnometer is full. After this the stopper is 
inserted, and the whole cooled to 25° GC. by a 30-minute 
immersion in a beaker of distilled water maintained at 
this temperature. All surplus moisture is then removed 
with a soft cloth, and the pycnometer and contents are 
weighed. This weight is called “d”. From the weights 
obtained the specific gravity of the bitumen may be readily 


calculated by the following formula: 


Specific gravity 25° C./25° C 


Fie. 1.—Pycnometer 


C—a 


a eC 


The specific gravity of fluid bitumen may be determined 
in the ordinary manner with this pycnometer by completely 
filling it with the material and dividing the weight of the 


(Hubbard type). bitumen thus obtained by that of the same volume of water. 


FLASH POINT. 
[Bulletin 314, p. 17.] 


OPEN-CUP METHOD. 


The open-cup oil tester, shown in figure 2, consists of a brass oil cup a@ of 
about 100 cubic centimeters capacity, and an outer vessel 6 which serves as-an 


air jacket; a suitable thermometer c¢ is suspended from 
‘the wire support d directly over the center of the cup so 
that its bulb is entirely covered with oil but does not 
touch the bottom of the cup. The testing flame is obtained 
from a jet of gas passed through a piece of glass tubing, 
and should be about 5 millimeters in length. 

The test is made by first filling the oil cup with the 
material under examination to within about 5 millimeters 
of the top. The Bunsen flame is then applied in such a 
manner that the temperature of the material in the cup 
is raised at the rate of 5° C. per minute. From time to 
time the testing flame is brought almost in contact with 
the surface of the oil. A distinct flicker or flash over the 
entire surface of the oil shows that the flash point is 
reached and the temperature at this point is taken. 


SPECIFIC VISCOSITY. 
[Bulletin 314, p. 7.] 
ENGLER VISCOSIMETER METHOD. 


The specific viscosity of fluid bituminous road materials 
is determined at the specified temperature by means of 
the Engler viscosimeter. This apparatus shown in figure 
3 may be described as follows: a@ is a brass vessel for 
holding the material to be tested, and may be closed by 


Fic. 2.—Open-cup oil 
tester. 


the cover 6. To the conical bottom of a is fitted-a conical outflow tube ec, 
exactly 20 millimeters long, with a diameter at the top of 2.9 millimeters and 
at the bottom of 2.8 millimeters. This tube may be closed and opened by the 
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pointed hardwood stopper d. Pointed metal projections are placed on the 
inside of a@ at equal distances from the bottom and serve for measuring the 
charge of material, which is 240 cubic centimeters. The thermometer e is used 
to ascertain the temperature of the material to be tested. The vessel a is 
surrounded by a brass jacket f, which holds the material used as a heating 
bath, either water or cottonseed oil, according to the temperature at which 
the test is to be made. A tripod g serves aS a support for the apparatus 
and also carries a ring burner h by means of which the bath is directly 
heated. The measuring cylinder of 100 cubie centimeters capacity, which is 
sufficiently accurate for work with road materials, is placed directly under the 
outflow tube. 

As all viscosity deter- 
minations should be com- 
pared with that of water 
at 25° C., the apparatus 
should be previously c¢ali- 
brated as follows: The 
eup and outlet tube 
should first be scrupu- 
lously cleaned. A _ piece 
of soft tissue paper is 
convenient for cleaning 
the latter. The stopper 
is then inserted in the 
tube and the cup filled 
with water at 25° C. to 
the top of the projections. 
The measuring cylinder 
should be placed directly 
under the outflow tube so 
that the material, upon 
flowing out, will not 
touch the sides, and the 
stopper may then be re- 
moved. The time required for 50 cubic centimeters to run out should be ascer: 
tained by means of a stop watch and the results so obtained should be checked 
a number of times. The time should be about 11 seconds, 

Bituminous road materials are tested In the same manner as water and the 
temperature at which the test is made is controlled by the bath, The material 
should be brought to the desired temperature and maintained there for at 
least three minutes before making the test, The results are expressed as 
specific viscosity compared with water at 25° C., as follows; 


Fic, 3.—-Engler viscosimeter. 


seconds for passage of given volume at a° C. 


Specific viscosity ata°® C.= : 
seconds for passage of same volume of water at 25° C, 


VOLATILIZATION TEST. 
[Bulletin 314, p. 19.] 


The oven shown in figure 4, known as the New York testing laboratory oven, 
is used by the office of public roads and rural engineering, although any other 
form may be used that will give a un:form temperature throughout all parts 
where samples are placed. The bulb of one of the termometers is immersed 
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in a sample of some fluid, nonvolatile bitumen, while the other is kept in air 
at the same level. The first thermometer serves to show the temperature of 
the samples during the test, while the latter gives prompt warning of any 
sudden changes in temperature due to irregularities in the gas pressure, etc. 

Before making the test the interior of the oven should show a temperature 
of 163° C. as registered by the thermometer in air. A round tin box’ 6 
cent:meters in diameter and 2 centimeters deep is accurately weighed after © 
carefully wiping with a towel to remove any grease or dirt. About 20 grams 
of the material to be tested is then placed in the box. The material may then 
be weighed on a rough balance, if one is at hand, after which the accurate 
weight, which should not vary more than 0.2 gram from the spec‘fied amount 
is obtained. It may be necessary to warm some of the material in order to 
handle it conveniently, after which it must be allowed to cool before deter- 
mining the accurate weight. 

The sample should now be placed in the oven, where it is allowed to remain 
for a period of five hours, during which time the temperature as shown by the 
thermometer in bitumen 
should not vary at any 
time more than 2° GC. 
from 163° C. The sam- 
ple is then removed from 
the oven, allowed to cool, 
and reweighed. From 
the difference between 
this weight and the total 
weight before heating, 
the percentage of loss on 
the amount of material 
taken is calculated. 

Highly volatile and 
nonvolatile materials 
should not be subjected 
to this test at the same 

Fie, 4.—New York Testing Laboratory oven. time in the same oven, 
owing to a tendency on 
the part of the latter to absorb some of the volatile products of the former, 

Some relative idea of the amount of hardening which has taken place may 
be obtained from the results of a float or penetration test made on the residue, 
as compared with the results of the same tests on the original sample. Before 
any tests are made on the residue, it should be melted and thoroughly stirred 
while cooling, 


FLOAT TEST. 
[Bulletin 314, p. 9.] 


NEW YORK TESTING LABORATORY FLOAT APPARATUS. 


The float apparatus consists of two parts, an aluminum float or saucer and a 
conical brass collar (fig. 5). The two parts are made separately, so that one 
float may be used with a number of brass collars. 

In making the test the brass collar 6 is placed with the small end down on 
a brass plate, which has been previously amalgamated with mercury by first 


1The box for a 50-gram sample should be 5% centimeters in diameter and 34 centi- 
meters deep. 
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rubbing it with a dilute solution of mercuric chloride or nitrate and then with 
mercury. A small quantity of the material to be tested is heated in a metal 
spoon until quite fluid, with care that it suffers no appreciable loss by volatili- 
zation and that it is kept free from air bubbles. It is then poured into the 
collar in a thin stream until slightly more than level with the top. The sur- 
plus may be removed, after the material has cooled to room temperature, by 
means of a spatula or steel knife, which has been slightly heated. The collar 
and plate are then placed in a tin cup containing ice water maintained at 5° C., 
and left in this bath for at least 15 minutes. Meanwhile another cup of 1 
quart capacity is filled about three-fourths full of water and placed on a tripod, 
and the water is heated to the specified temperture at which the test is to be 
made. This temperature should be accurately maintained, and should at no 
time throughout the entire test be allowed to vary more than one-half a degree 
centigrade from the temperature specified. After the material to be tested has 
been kept in the ice water for at least 15 minutes, the collar with its contents 


Fig, 5.—New York Testing Laboratory float apparatus, 


ig removed from the plate and screwed into the aluminum float a, which is then 
immediately floated in the warmed bath. As the plug of bituminous material 
becomes warm and fluid, it is gradually forced upward and out of the collar, 
until water gains entrance to the saucer and causes it to sink, 

The time in seconds between placing the apparatus on the water and when 
the water breaks through the bitumen is determined by means of a stop watch, 
and is taken as a measure of the consistency of the material under examination. 


TOTAL BITUMEN. 
[Bulletin 314, p. 25.] 
GOOCH CRUCIBLE METHOD. 
This test consists in dissolving the bitumen in carpon disulphide and recoy- 


ering any insoluble matter by filtering the solution through an asbestos felt. 
The form of Gooch crucible best adapted for the determination is 4.4 centi- 
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meters wide at the top, tapering to 3.6 centimeters at the bottom, and is 2.5 
centimeters deep. 

or preparing the felt the necessary appartatus is arranged as shown in 
figure 6, in which a is the filtering flask, 6 a rubber stopper, ec the 
filter tube, and d@ a section of rubber tubing which tightly clasps the Gooch 
crucible c. The asbestos is cut with scissors into pieces not exceeding 1 
centimeter in length, after which it is shaken up with just sufficient water to 
pour easily. The crucible is filled with the suspended asbestos, which is 
allowed to settle for a few moments. A light suction is then applied to draw 
off all the water and leave a firm mat of asbestos in the crucible. More of the 
suspended material is added, and the operation is repeated until the felt is so 
dense that it scarcely transmits light when held so that the bottom of the 
crucible is between the eye and the source of light. The felt should then be 
washed several times with water and drawn firmly against the bottom of the 
crucible by an increased suction. The crucible is removed to a drying oven 
for a few minutes, after which it is ignited at 
red heat over a Bunsen burner, cooled in a 
desiccator, and weighed. 

From 1 to 2 grams of the bituminous material 
is now placed in the Erlenmeyer flask, which has 
been previously weighed, and the accurate 
weight of the sample is obtained. One hundred 
cubic centimeters of chemically pure carbon 
disulphide is poured into the flask in small 
portions, with continual agitation, until all 
lumps disappear and nothing adheres to the 
bottom, The flask is then corked and set aside 
for 15 minutes. 

After being weighed, the Gooch crucible con- 
taining the felt is set up over the dry pressure 
flask, as shown in the figure, and the solution 
of bitumen in carbon disulphide is decanted 
through the felt without suction by gradually 
tilting the flask, with care not to stir up any 
precipitate that may have settled out. At the 
first sign of any sediment coming out, the decantation is stopped and the 
filter allowed to drain, A small amount of carbon disulphide is then washed 
down the sides of the flask, after which the precipitate is brought upon the 
felt and the flask scrubbed, if necessary, with a feather or “policeman,” to 
remove all adhering material. The contents of the crucible are washed with 
carbon disulphide, until the washings run colorless. Suction is then applied 
until there is practically no odor of carbon disulphide in the crucible, after 
which the outside of the crucible is cleaned with a cloth moistened with a 
small amount of the solvent. The crucible and contents are dried in a hot-air 
oven at 100° C. for about 20 minutes, cooled in a desiccator, and weighed. If 
any appreciable amount of insoluble matter adheres to the flask, it should also 
be dried and weighed, and any increase over the original weight of the flask 
should be added to the weight of insoluble matter in the crucible. The total 
weight of insoluble material may include both organic and- mineral matter. 
The former, if present, is burned off by ignition at a red heat until no incan- 
descent particles remain, thus leaving the mineral matter or ash. which can 
be weighed on cooling. The difference between the total weight of material 
insoluble in carbon disulphide and the weight of substance taken equals the 
total bitumen, and the percentage weights are calculated and reported as total 


Fic. 6.—Apparatus for determin- 
ing soluble bitumen, 
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bitumen, and organic and inorganic matter insoluble, on the basis of the weight 
of material taken for analysis. 

This method is quite satisfactory for straight oil and tar products, but where 
certain natural asphalts are present it will be found practically impossible to 
retain all of the finely divided mineral matter on an asbestos felt. If is, there- 
fore, generally more accurate to obtain the result for total mineral matter by 
direct ignition of a 1-gram sample in a platinum crucible. The total bitumen is 
then determined by deducting from 100 per cent the sum of the percentages of 
total mineral matter and organic matter insoluble. If the presence of a car- 
bonate mineral is suspected, the percentage of mineral matter may be most 
accurately obtained by treating the ash from the fixed carbon determination 
with a few drops of ammonium carbonate solution, drying at 100° G., then 
heating for a few minutes at a dull red heat, cooling, and weighing again. 

When difficulty in filtering is experienced—for instance, when Trinidad asphalt 
is present in any amount—a period of longer subsidence than 15 minutes is 
necessary, and the following method proposed by the Committee on Standard 
Tests for Road Materials of the American Society of Testing Materials is 
recommended : * 

From 2 to 15 grams (depending on the richness in bitumen of the substance) 
is weighed into a 150-cubic centimeter Erlenmyer flask, the tare of which has 
been previously assertained, and treated with 100 cubic centimeters of carbon 
disulphide. The flask is then loosely corked and shaken from time to time 
until practically all large particles of the material have been broken up, when 
it is set aside and not disturbed for 48 hours. The solution is then decanted 
off into a similar flask that has been previously weighed, as much of the sol- 
vent being poured off as possible without disturbing the residue. The first 
flask is again treated with fresh carbon disulphide and shaken as before, when 
it is put away with the second flask and not disturbed for 48 hours. 

At the end of this time the contents of the two flasks are carefully decanted 
off upon a weighed Gooch crucible fitted with an asbestos filter, the contents of 
the second flask being passed through the filter first. The asbestos filter shall 
be made of ignited long-fiber amphibole, packed in the bottom of a Gooch cru- 
sible to the depth of not over one-eighth of an inch. After passing the con- 
tents of both flasks through the filter, the two residues are shaken with more 
fresh carpon disulphide and set aside for 24 hours without disturbing, or until 
it is seen that a good subsidation has taken place, when the solvent is again 
decanted off upon the filter. This washing is continued until the filtrate or 
washings are practically colorless. 

The crucible and both flasks are then dried at 125° C. and weighed. The 
filtrate containing the bitumen is evaporated, the bituminous residue burned, 
and the weight of the ash thus obtained added to that of the residue in the two 
flasks and the crucible. The sum of these weights deducted from the weight of 
substance taken gives the weight of bitumen extracted. 


BITUMEN INSOLUBLE IN NAPHTHA. 
[Bulletin 314, p. 28.] 


GOOCH CRUCIBLE METHOD. 


This determination is made in the same general manner as the total bitumen 
determination, except that 100 cubic centimeters of 86° to 88° B. paraffin 
naphtha, at least 85 per cent distilling between 35° ©. and 65° C., is employed 
as a solvent instead of carbon disulphide. Considerable difficulty is sometimes 


1Proc. Am, Soc, for Testing Materials, 1909, Vol, IX, p. 221. 
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experienced in breaking up some of the heavy semisolid bitumens; the surface 
of the material is attacked, but it is necessary to remove some of the insoluble 
matter in order to expose fresh material to the action of the solvent. It is, 
therefore, advisable to heat the sample after it is weighed, allowing it to cool 
in a thin layer around the lower part of the flask. If difficulty is still experi- 
enced in dissolving the material, a rounded glass rod will be found convenient 
for breaking up the undissolved particles. Not more than one-half of the total 
amount of naphtha required should be used until the sample is entirely broken 
up. The balance of the 100 cubic centimeters is then added, and the flask is 
twirled a moment in order to mix the contents thoroughly, after which it is 
corked and set aside for 30 minutes. 

In making the filtration the utmost care should be exercised to avoid stirring 
up any of the precipitate, in order that the filter may not be clogged and that 
the first decantation may be as complete as possible. The sides of the flask 
should then be quickly washed down with naphtha and, when the crucible has 
drained, the bulk of insoluble matter is 
brought upon the felt. Suction may be ap- 
plied when the filtration by gravity almost 
ceases, but should be used sparingly, as it 
tends to clog the filter by packing the pre- 
cipitate too tightly. The material on the felt 
should never be allowed to run entirely dry 
until the washing is completed, as shown by 
the colorless filtrate. When considerable in- 
soluble matter adheres to the flask no attempt 
should be made to remove it completely. In 
such cases the adhering material is merely 
washed until free from soluble matter, and 
the flask is dried with the crucible at 100° C. 
for about one hour, after which it is cooled 
and weighed. The percentage of bitumen in- 
soluble is reported upon the basis of total 
bitumen taken as 100. 

The difference between the material in- 
soluble in carbon disulphide and in the 
naphtha is the bitumen insoluble in the 
latter. Thus, if in a certain instance it is 
found that the material insoluble in carbon disulphide amounts to 1 per cent 
and that 10.9 per cent is insoluble in naphtha, the percentage of bitumen insol- 
uble would be calculated as follows: 


Bitumen insoluble in naphtha _10.9-1 9.9 __ aia i 
Total bitumen i 10022 a n99s eke See 


MELTING POINT. 
[A. S. T. M. Tentative Standard D36—-16T.] 


1. The ring and ball method shall be used. (Fig. 7.) 

2. The apparatus shall consist of a brass ring 15.875 mm. (five-eighths inch) 
in diameter, 6.85 mm. (one-fourth inch) deep, 2.88125 (three thirty-seconds 
inch) wall, suspended 25.40 mm. (one inch) above bottom of beaker; a steel 
ball 9.525 mm. (three-eighths inch) in diameter, weighing between 3.45 and 
3.00 g.; a Standardized thermometer; a glass beaker, approximately 600 cc. 
capacity. 

3. Carefully melt the sample and fill the ring with the material to be tested. 
Remove any excess. Place the ball in the center of the ring and suspend in the 
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beaker containing approximately 400 cc. of water at a temperature of 5° C. 
(41° F.). Arrange the thermometer bulb within 3 inch of the sample and at 
the same level. Apply heat wniformly over bottom of the beaker in quantity 
sufficient to raise the temperature 5° C. (9° F.) per minute. Record the tem- 
perature at starting the test and every minute thereafter until the test is 
completed. The rate of heating is very important. The softening point is the 
temperature at which the specimen has dropped 1 inch. Successive tests should 
average within 3° C. For temperatures above 90° C., glycerin shall be used 
instead of water. 
PENETRATION. 


[A. S. T. M. Standard Test D5—-16.] 


I. DEFINITION. 


1. Penetration—Penetration is defined as the consistency of a bituminous 
material expressed as the distance that a standard needle vertically penetrates 
a sample of the material under known conditions of loading, time and tem- 
perature. Where the conditions of test are not specifically mentioned, the 
load, time and temperature are understood to be 100 g., 5 seconds, 25° C. (77° 
F.), respectively, and the units of penetration to indicate hundredths of a 
centimeter. 


II, APPARATUS. 


2. Container.—The container for holding the material to be tested shall be a 
flat-bottom, cylindrical dish, 55 mm. (2 3/16 inches) in diameter and 35 mm. 
(12 inches) deep.” 

3. Needle-——The needle’ for this test shall be of cylindrical steel rod 50.8 mm. 
(2 inches) long and having a diameter of 1.016 mm. (0.04 inches) and turned 
on one end to a sharp point having a taper of 6.85 mm. (4 inch). 

4. Water bath—The water bath shall be maintained at a temperature not 
varying more than 0.1° C. from 25° C. (77° F.). The volume of water shall 
be not less than 10 liters and the sample shall be immersed to a depth of not 
less than 10 em. (4 inches) and shall be supported on a perforated shelf not 
less than 5 ecm. (2 inches) from the bottom of the bath. 

5. Apparatus for penetration.—Any apparatus which will allow the needle to 
penetrate without appreciable friction, and which is accurately calibrated to 
yield results in accordance with the definition of penetration, will be acceptable. 

6. Fransfer dish for container.—The transfer dish for container shall he a 
small dish or tray of such capacity as will insure complete immersion of the 
container during the test. It shall be provided with some means which will 
insure a firm bearing and prevent rocking the container. 


Ill. PREPARATION OF SAMPLE. 


7. Preparation of sample.—The sample shall be completely melted at the 
lowest possible temperature and stirred thoroughly until it is homogeneous and 
free from air bubbles. It shall then be poured into the sample container to a 
depth of not less than 15 mm. (zg inch). The sample shall be protected from 
dust and allowed to cool in an atmosphere not lower than 18° C. (65° F.) for 
one hour. It shall then be placed in the water bath along with the transfer 
dish and allowed to remain one hour. 


1This requirement is fulfilled by the American Can Co.’s gill style ointment box, 
deep pattern, 3-ounce capacity. 
2 Journal of Agricultural Research, Vol. V, No. 24, pp. 1125-1126. 
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IV. TESTING. 


8. T'esting.—(a) In making the test the sample shall be placed in the trans- 
fer dish filled with water from the water bath of sufficient depth to completely 
cover the container. The transfer dish containing the sample shall then be 
placed upon the stand of the penetration machine. The needle, loaded with 
specified weight, shall be adjusted to make contact with the surface of the 
sample. This may be accomplished by making contact of the actual needle 
point with its image reflected by the surface of the sample from a properly 
placed source of light. Hither the reading of the dial shall then be noted or 
the needle brought to zero. The needle is then released for the specified period 
of time, after which the penetration machine is adjusted to measure the dis- 
tance penetrated. 

At least three tests shall be made at points on the surface of the sample not 
less than 1 cm. (3 inch) from the side of the container and not less than 1 
em. ($ inch) part. After each test the sample and transfer dish shall be 
returned to the water bath and the needle shall be carefully wiped toward its 
point with a clean, dry cloth to remove all adhering bitumen. The reported 
penetration shall be the average of at least three tests whose values shall not 
differ more than four points between maximum and minimum. 

(6) When desirable to vary the temperature, time and weight and, in order 
to provide for a uniform method of -reporting results when variations are 
made, the samples shall be melted and cooled in air as above directed. They 
shall then be immersed in water or brine, as the case may require, for one hour 
at the temperature desired. The following combinations are suggested: 

At 0° GC. (82° F.) 200-g. weight, 60 seconds. 

At 46.1° C. (115° I.) 50-g. weight, 5 seconds. 


DISTILLATION TEST. 


[A. S. T. M. Standard Test D20-16. With tentative revision in thermometer require- 
ments recommended by committee D-4 in 1917.] 


1. Sampling.—The sample as received shall be thoroughly stirred and agi- 
tated, warming, if necessary, to insure a complete mixture before the portion 
for analysis is removed, 

2. Dehydration.—If the presence of water is suspected or known, the mate- 
rial shall be dehydrated before distillation. About 500 cc. of the material are 
placed in an 800-ce. copper still provided with a distilling head connected with 
a water-cooled condenser. A ring burner is used, starting with a small flame at 
the top of the still, and gradually lowering it, if necessary, until all the water 
has been driven off. The distillate is collected in a 200-cc. separatory funnel 
with the tube cut off close to the stopcock. When all the water has been 
driven over and the distillate has settled out, the water is drawn off and the 
oils returned to the residue in the still. The contents of the still shall have 
cooled to below 100° C. before the oils are returned, and they shall be well 
stirred and mixed with the residue. 

8. Apparatus.—The apparatus shall consist of the following standard parts: 

(a) Flask: The distillation flask shall be a 250-ce. Engler distilling flask, 
having the following dimensions: 


Diameter of bulb_____ ia A AREA ah Bi MA A pth cal Ginee= sth 
PGS TNS Che OF ya © CK RIMES TBA 5 SE ISA 4 AUREUS Pd lal em.__ 15.0 
Diameter of neck_______ Ek Nase aa OHS tyes ba Oleh Leeds ems @ wily 
Surface of material to lower side of tubulature____- _________ em.__ 11.0 
ene thy of ie ubo ulate unre we ese aah ea oh RE aR Vee EE cm._— 15.0 
Diameter of tubulature______ RY MENU SAY LA OA NE aa i em.__ 0.9 
ATE Ves Ot rte ul exten BS i RS EY Aiuene Vvdereiaie (5 


A variation of 3 per cent from the above measurements will be allowed, 
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(6) Thermometer: The thermometer shall conform to the following require- 
ments: 

It shall be made of thermometric glass of a quality equivalent to suitable 
grades of Jena or Corning make. It shall be thoroughly annealed. It shall be 
filled above the mercury with inert gas which will not act chemically on or 
contaminate the mercury. The pressure of the gas shall be sufficient to pre- 
vent separation of the mercury column at all temperatures of the scale. There 
shall be a reservoir above the final graduation large enough so that the pressure 
will not become excessive at the highest temperature. The thermometer shall 
be finished at the top with a small glass ring or button suitable for attaching 
a tag. Each thermometer shall have for identification the maker’s name, a 
serial number, and the letters “A. S. T. M. Distillation.” 

The thermometer shall be graduated from 0 to 400° C. at intervals of 1° C. 
Hyery fifth graduation shall be longer than the intermediate ones, and every 
tenth graduation beginning at zero shall be numbered. The graduation marks 
and numbers shall be clear-cut and distinct. 

The thermometer shall conform to the following dimensions: 

Total length, maximum, 385 mm. 

Diameter of stem, 7 mm.; permissible variation, 0.5 mm. 

Diameter of bulb, minimum, 5mm.; and shall not exceed diameter of stem. 

Length of bulb, 12.5 mm.; permissible variation, 2.5 mm. 

Distance from 0° to bottom of bulb, 30 mm.; permissible variation, 5 mm. 

Distance from 0° to 400°, 295 mm.; permissible variation, 10 mm. 

The accuracy of the thermometer when delivered to the purchaser shall be 
such that when tested at full immersion the maximum error from 0 to 200° CG. 
shall not exceed the following: 
HOMO tO 200) Ge ee ule fe _5C. 
Mronm200" tor S00" (Ck ee 2S SR REN eta Dinah OO UU Os 
SEO ME SOO LOS TD Oe eee ames ul SEN i Bh Bee ES We ea Oh 

The sensitiveness of the thermometer shall be such that when cooled to a 
temperature of 74° C. below the boiling point of water at the barometric pres- 
sure, at the time of test, and plunged into free flow of stream, the meniscus 
shall pass the point 10° GC. below the boiling point of water in not more than 
six seconds. 

The thermometer shall be set up as for the distillation test, using water, 
naphthalene and benzophenone as distilling liquids. The correctness of the 
thermometer shall be checked at 0 and 100° ©. after each third distillation until 
seasoned. 

(ce) Condenser: The condenser tube shall have the following dimensions : 


DSS GON SEE A ee en nen | 70) 
Wenenhmotes brave mG tubes ei. he 8 ee zt 185 
\Wichin, Or aul SOT 8 al ea Fa 12-15 
Width of adapter end of pape ce) 1) TET Ore ea a Ue 20-25 


(a) Stands: Two iron stands shall be provided, one with a universal clamp 
for holding the condenser, and one with a light grip arm with a cork-lined clamp 
for holding flask. 

(e) Burner and shield: A Bunsen burner shall be provided, with a tin 
shield 20 cm. long by 9 cm. in Grameter- The shield shall have a small hole for 
observing the flame. 

(f) Cylinders: The cylinders used in collecting the distillate shall have a ¢a- 
pacity of 25 cc., and shall be graduated in 0.1 ce. 

4. Setting up the apparatus.—The apparatus shall be set up as shown in 
figure 8, the thermometer being placed so that the top of the bulb is opposite 
the middle of the tubulature. All connections should be tight. 
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5. Method.—One hundred cubic centimeters of the dehydrated material to be 
tested shall be placed in a tared flask and weighed. After adjusting the ther- 
mometer, shield, condenser, etc., the distillation is commenced, the rate being 
so regulated that 1 cc. passes over every minute. The receiver is changed as 
the mercury column just passes the fractionating 
point. 

The following fractions should be reported: 


Start of distillation to 100° C. 
110 to 170° C. 

170 to 235° C. 

235 to 270° C. 

270 to 300° C. 

Residue. 


To determine the amount of residue, the flask is 
weighed again when distillation is complete. Dur- 
ing the distillation the condenser tube shall be 
warmed when necessary to prevent the deposition 
of any sublimate. The percentages of fractions 
should be reported both by weight and by volume. 


SAMPLES AND SAMPLING. 


The following directions for selecting and ship- 
ping samples of bituminous materials should be fol- 
lowed in connection with materials which are to be 
tested, in the laboratory, for conformity with the 
foregoing specifications. 


GENERAL DIRECTIONS. 


(1) Samples should be 
taken so as to represent 
as nearly as possible an 
average of the bulk of ma- 
terial sampled and should 
also be selected with a view 
to ascertaining the maxi- 
mum variation in char- 
acteristics which the mate- 
rial may possess. (2) Care 
should be taken that the 
samples are not contami- 
nated with dirt or any other extraneous matter and that the sample containers 
are perfectly clean and dry before filling. (38) Immediately after filling, the 
sample containers should be tightly closed and properly marked for identifica- 
tion, the identification being placed on the container itself and not on the lid 
unless both container and lid are marked. (4) Samples should be packed 
for shipment in such manner that leakage of contents or contamination by 
excelsior, paper, or other packing material during transit is entirely prevented, 
as well as obliteration or removal of the identification marks. (5) Notifica- 
tion of shipment of samples, with statement of identification marks and such 
other descriptive information as may be necessary, should be promptly for- 
warded to the laboratory. 


FREQUENCY OF SAMPLING. 


Fie. 8.—Distillation apparatus. 


(1) Each consignment of bituminous material should be sampled. (2) Ad- 
ditional samples should be taken whenever the material changes materially in 
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appearance or general character. (3) When the material is fluxed or main- 
tained in heating kettles at an elevated temperature for periods of over 12 
hours at least ene sample should be taken and tested for consistency each day 
during its use. 


' INFORMATION ACCOMPANYING SAMPLES. 


Whenever possible the following information should be furnished the labo- 
ratory in connection with each sample submitted. 


. Identification mark. 
. Name of material. 
. Name and address of producer. ( 
. To be examined for conformity with specification. 
. Name and location of road where material is to be used. 
. Proposed method of use or type of construction in which material is to be 
used. 

7. Date sample taken. 

8. Place sample taken. 

9. Sample taken from (storage tank, tank car, barrel, drum, distributor or 
heating kettle). 

10. Material shipped in (car No. —, Tank car No. —, barrels, drums, auto- 
mobile distributor, or tank wagon). 

11. Date shipped. 

12. Date received at destination. 

13. Date used or to be used if satisfactory. 


OD Oe cob 


TIME AND PLACE OF SAMPLING. 


(1) Whenever practicable bituminous materials should be sampled at the 
point of manufacture, and at such time as to allow the tests, controlling ac- 
ceptance or rejection, to be made in advance of shipment. (2) When imprac- 
ticable to take samples at point of manufacture they should be taken from 
the shipment immediately upon delivery. 


SIZE OF SAMPLES. 


Samples of not less than one quart should be taken except that 3-ounce 
samples of asphalt cement or refined tar may be taken when the only test to 
be made is the penetration test or float test, as covered by direction No. 3 
under “Frequency of Sampling.” 


CONTAINERS. 


(1) Containers for liquid bituminous materials should be 1-quart, small- 
mouth cans with screw cap or cork stopper. (2) Containers for semisolid and 
solid materials should preferably be 1-quart friction-top cans. (3) Samples of 
asphalt cement or refined tar which are to be subjected only to the penetra- 
tion test or float test may be sent in 3-ounce round tin boxes with tight-fitting 
cover. 

IDENTIFICATION OF SAMPLES. 


(1) The container for each sample should carry a suitable mark which will 
clearly identify it in connection with additional information which should be 
furnished the laboratory. (2) For marking tin cans, a 10 per cent solution of 
silver nitrate may be used, provided the marking is allowed to thoroughly dry 
before the sample is packed. (3) Gummed labels may be used if the outside 
of the can is first scraped so as to present a rough surface upon which the 
label may be securely attached. 


DRIP SAMPLES. 


When loading tank cars, barrels, or drums from a storage tank, cooler, or 
still, drip samples may be taken. ‘The material should be allowed to flow 


60 BULLETIN 691, U. S. DEPARTMENT OF AGRICULTURE. 


through the discharge pipe for a short time before the sample is taken and the 
drip valve should be so regulated that the operation of collecting the sample 
continues through the entire period of loading the containers. 


SAMPLING FROM STORAGE TANKS AND TANK CARS. 


(1) When the material is in a fluid condition three samples should be taken 
from each tank or tank car, one from the top, one from the bottom, and one from 
the center of the tank. The bottom sample may be taken from the discharge 
pipe through which a sufficient amount of the material is first allowed to flow 
so as to clean it properly. If there is no outlet at the middle of the tank a 
thief Sample may be taken by lowering a closed bottle or can to the center of 
the tank and then removing the stopper or cover by means of a stout cord or 
wire to which it is attached. (2) Tank cars containing cold semisolid or solid 
bituminous material may be sampled through the dome by the use of a 
clean hot shovel. 


SAMPLING FROM BARRELS AND DRUMS. 


(1) Separate samples should be taken from not less than 8 per cent of the 
containers. (2) When the material is semisolid or solid samples should be 
taken at least 38 inches below the surface. A hatchet may be used if the 
material is hard and a broad stiff putty knife if the material is soft. 
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GENERAL SUMMARY. 


Part I of this bulletin discusses the identity and characteristics of 
Rhode Island bent and the immediately related grasses, namely, 
redtop, fiorin, velvet bent, and ‘‘creeping bent.’’ The distinguishing 
botanical and agricultural characteristics of these grasses are pointed 
out and two of them are illustrated with figures. 

Three of these grasses have been handled commercially by seeds- 
men, namely, redtop, Rhode Island bent, and “creeping bent,” in a 
mixture here referred to as South German mixed bent. The eyi- 
dence indicates that little genuine Rhode Island bent seed has been 
on the market in recent years. 

Rhode Island bent is a ‘‘very valuable grass for lawns and golf 
courses, not much inferior to creeping bent.” Large quantities of seed 

55049°—18—Bull. 6922—1 | 
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of this can be gathered from natural pastures in New England, and 
it is believed that the gathering and marketing of this seed will 
become an important resource, based entirely on the merits of the 
grass. In view of the fact that redtop seed can always be dis- 
tinguished by an expert and the South German mixed bent can be 
distinguished by the incidental weed seeds present, there is good 
reason to believe that the industry of gathering Rhode Island bent 
seed and of establishing a large sale for it on its merits can be 
reestablished. 

Part II of the bulletin discusses the seeds of the species of bent 
which occur in the trade. Conditions prevailing in the trade relating 
to the sale of redtop seed as seed of the finer bents and the importa- 
tion of seeds of the finer bents under various and misleading names 
are set forth. 

The characteristics by which seeds of certain of the kinds of bent 
can be distinguished are stated. Illustrations are given to make 
clear the statements made. 

The principal impurities of domestic and of imported seed are 
illustrated in the belief that this information may be useful in 
distinguishing imported seed from that grown in this country. — 

The most important fact is that redtop seed .can be distinguished 
from seed of Rhode Island bent and of South German mixed bent to 
the extent that the seed, either alone or mixed, can be detected with 
certainty. 

The principal misbranding in the trade is the substitution of redtop 
seed for seed of one of the other bents, a procedure which will be 
discouraged by this bulletin. 

With the information which this bulletin furnishes, it is believed 
that progressive seedsmen and others will promptly engage in the 
production of seed of the finer bent grasses. 


Part I—RHODE ISLAND BENT AND RELATED GRASSES. 


By Cuar.zs V. Piper, Agrostologist in Charge of Forage-Crop Investigations. 
INTRODUCTION. 


‘Rhode Island bent” as the name of a grass appeared in American 
agricultural literature at least as early as 1790 (4, p. 123)! and its 
modification ‘‘Rhode Island grass” as early as 1841 (17, p. 115). 
Perhaps no other grass has given rise to more confusion regarding 
its identity, both in commercial use and in botanical publications. 
The reason for this lies largely in the fact that many species and 
subspecies of bent grasses, the botanical genus Agrostis, are very 
similar to one another and consequently are much confused, even 
in botanical works. 

The treatments by different botanists of the species and varieties 
centering about common redtop (Agrostis alba L. of most botanists) 
are much involved. Some of the confusion is due to the different 
opinions held by botanists as to the systematic value of the numerous 
forms described, but the matter has become more entangled by 
errors in the application of the names, both common and technical. 
The subject of botanical names is of interest primarily to botanists, 
but it has caused some confusion in the seed trade also and conse- 
quently in the culture of the bent grasses. The most noteworthy 
recent attempt to clarify the nomenclature is that of Ascherson 
and Graebner (1, p. 172-183). In Europe, however, many more 
varieties occur than in America, so the subject is correspondingly 
more complex. 

From the agronomic standpoint it is necessary to consider only 
the forms which are utilized in agriculture or the seeds of which 
have been handled commercially. These forms are six in number, 
as follows: 


Redtop (Agrostis palustris Huds.; Agrostis alba L. of most botanists), the most 
valuable species of bent for agricultural use. This grass is too coarse to make really 
fine turf. The commercial seed is grown in the United States, mainly in Illinois. 

Fiorin (Agrostis maritima Lamarck; Agrostis stolonifera var. latifolia Sinclair), 
formerly a much-exploited grass, propagated vegetatively, the seed never having been 
gathered commercially. It occurs along the North Atlantic coast in America as well 
asin Europe. 

Rhode Island bent (Agrostis tenuis Sibth.; Agrostis vulgaris With.), a much finer 
grass than redtop and probably the most abundant grass in New England, where it 
makes up much of the pastures. Commercial seed has been gathered principally in 
Rhode Island, but in recent years only to a very limited extent. 


1 The serial numbers in parentheses refer to “ Literature cited,’”’ p. 14. 
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Colonialbent. Thisis identical with Rhode Island bent, as is proved by cultures. 
Commercial seed has in recent years been gathered in small quantities in New Zealand. 

Velvet bent, or brown bent (Agrostis canina L.), a distinct but variable Euro- 
pean grass, sparingly introduced into the United States. Seed is always present in 
the bent seed gathered in Germany, here referred to as South German mixed bent, 
as velvet bent makes up a varying proportion of the turf grown from such seed. By 
an unfortunate error the name Agrostis canina has been associated with Rhode Island 
bent by recent writers, and this has caused much confusion. 

Carpet bent. This grass is apparently always present in turf grown from South 
German mixed bent! seed. On turf 3 years old grown from such seed, carpet bent 
usually constitutes one-tenth to one-fourth of the turf. It produces long, creeping 
branches, so that each plant at length forms a dense circular mat of fine turf. The 
botanical name to be applied to carpet bent is still doubtful. 


REDTOP. 


Redtop (fig. 1) is now the common name employed for the most 
important of the bent grasses. In England, and formerly at least in 
New England, the names white- 
top and white bent were used. 

Redtop is the largest and 
most valuable of the grasses 
here described. Commercial 
seed has been grown for at least 
40 years mainly in southern 
Ilinois. The grass is, with 
scarcely adoubt, notindigenous 
to North America, but has been 
introduced from Europe. 

Botanically, redtop is usually 
known as Agrostis alba L. The 
original specimens of Linnzus 
still preserved in his herbarium 
are of this grass, but his de- 
scription and references apply 
partly to wood meadow grass 
(Poa nemoralis L.). 

The name Agrostis stolonifera 
L. is also frequently applied to 
redtop, owmg to some doubt 


Fic. 1.—Redtop (Agrostis palustris). The detailed fig- concerning the type SieCTires 
ures show the structure of the ligule, a spikeletin in the lLinnzean herbarium. 


' te parts of the spikelet. 
eee a anaes Some botanists consider that 
this name really belongs to the grass also known as Agrostis verti- 


1 South German mixed bent is often sold in the trade as ‘‘creeping bent,’’? and usually under the scien- — 
tificname Agrostis stolonifera. This name, the first binomial given toany grass of the group here discussed, 
belongs to a plant growing about Upsala, Sweden, there known as Kryp-hven, that is “‘creeping bent.” 
It is quite intermediate in characteristics between redtop and fiorin, as determined from authentic Swedish 
specimens secured from Dr. Carl Lindman, of Stockholm, Sweden, but it is seemingly very different from 
carpet bent. 


AGRICULTURAL SPECIES OF BENT GRASSES. 5 


cillata Vill., a noncultivated species mostly without stolons, because 
a specimen of that is in the Linnean herbarium and because some of 
the references relate in part to the latter species; but the more con- 
servative judgment of other botanists is that the name properly 
belongs with the stoloniferous grass that is native about Upsala, 
Sweden, there known as Kryp-hven. 

In commercial use, and formerly also in botanical publications, 
appears the name Agrostis dispar Michaux, described from South 
Carolma. Hitchcock has examined Michaux’s original specimen and 
pronounces it the same as ordinary redtop. 

Agrostis capillaris is still another botanical name attached by 
some seedsmen to redtop. This name as used originally by Linnzus 
i 1762 is based on various older descriptions, including one of his 
own published in the Flora Lapponica in 1737. The evidence 
regarding the identity of this plant is much involved, and modern 
Swedish botanists no longer consider it to be a Scandinavian plant. 
Tn any event the evidence is clear that the name can not be applied 

to redtop. 

The name marsh bent is also used occasionally in the seed trade, 
applied to redtop. This name apparently arose as an anglicizing of 
Agrostis palustris Huds., which, according to a letter from Dr. Otto 
Stapf, is based on a plant not distinguishable from Agrostis alba of 
Linnzus’s herbarium. However, various English botanists use the 
name marsh bent in connection with a stoloniferous form. 

Another common name applied to redtop, especially in the Southern 
States, and formerly at least in Pennsylvania, is herd’s-grass. This 
name appears in agricultural literature as applied to redtop as early 
as 1804 (18, p. 192-202). Inasmuch as the name herd’s-grass or 
herd-grass was applied in New England to timothy, botanical and 
agricultural writers have commonly pointed out that the herd’s-grass 
of Pennsylvania and the Southern States is redtop. In Pennsylvania _ 
usage the name herd’s-grass was applied both to Agrostis alba and 
to A. vulgaris, not only by agricultural writers, such as Mease (10), 
but also by the Pennsylvania botanist Muhlenberg (11, p. 69). 
Darlington (3, p. 10), however, restricts the name to Agrostis vulgaris. 
Herd’s-grass is still a common name for redtop in the Southern 
States. 

On the whole it would seem best to drop the name Agrostis alba, 
because it was founded partly on Poa nemoralis, and to use as the 
botanical name of redtop the next older name, Agrostis palustris 


Huds. 
FIORIN. 


Fiorin is the common name of an Irish grass which was much 
exploited as an agricultural crop by Dr. William Richardson, of Moy, 
Treland, in the early part of the nineteenth century. This grass was 
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recommended mainly for moor lands. _ It is characterized by its habit 
of forming long, creeping, leafy stolons, or runners, which often reach 
a length of 3 to 10 feet and grow until late in the season. From the 
accounts of the culture of this grass given by Richardson (14)! and 
others, it was propagated only in a vegetative manner, usually by 
scattering the stolons over the ground and covering slightly with 
soil. Apparently seed was rarely gathered or utilized, and there is 
no evidence that it ever entered into the seed trade. 

From contemporary accounts, as well as from authentic preserved 
specimens, there is no doubt that this is one of the grasses that have 
been referred to Agrostis stolonifera LL. There is doubt, however, as 
to whether it is exactly identical with Linnzus’s original plant, which 
grows about Upsala, Sweden, and is there known as Kryp-hven. 

The stoloniferous bents of Europe are a puzzling group, and some 
botanists describe as many as six different forms. Sinclair (15, p. 
227-228, 343), who calls Richardson’s fiorin Agrostis stolonifera var. 
latifolia, states that the varying results obtained by different experi- 
menters were due in part to their growing different botanical varie- 
ties. Mackay (9, p. 298) states that he saw fine crops of fiorin on a 
reclaimed bog in Connemara, Ireland, the grass having been intro- 
duced three years previously with sand from the seashore. The 
grass was promptly tested in America, but never achieved any im- 
portance. A stoloniferous bent that occurs in America spontane- 
ously is common along the seacoast from Delaware to Newfoundland, 
and by American botanists is usually designated Agrostis alba var. 
maritima, but it is not certain that it is native. A very similar grass 
occurs on the coasts of Oregon, Washington, and British Columbia, 
possibly introduced. 

Whatever the exact botanical identity of fiorin may be, it is clearly 
distinct from both redtop and Rhode Island bent in its stoloniferous 
habit. The names creeping bent and stoloniferous bent, as used by 
English botanists, both refer to a grass with creeping stolons and 
properly do not apply to any form without stolons. The name 
fiorin has been used by modern seedsmen, however, in connection 
both with redtop and with South German mixed bent. 

Fiorin is nowhere now cultivated in America, and apparently its 
culture in Europe did not long outlast Richardson’s propaganda. It 
is not clear why this is the case, as numerous recorded experiments 
indicate that the grass is valuable for culture on moor lands. It is 
possible that the sale of redtop seed as fiorin may be partially respon- 
sible for the agricultural decadence of fiorin. ; 

The stolon-producing bents are apparently constant in this habit. - 
Stebler and Volkart (16, p. 115) state that the habit proved constant 


1 Richardson’s writings were voluminous and appear in many of the agricultural journals of his time. 
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in their cultures, extending over many years. Sinclair (15, pp. 227, 
230) records the same conclusion. This has also been the case in 


our limited experiments. 


RHODE ISLAND BENT. 


Rhode Island bent (fig. 2) is the most common and abundant grass 


on well-drained soils in 
New England and New 
York. It has every ap- 
pearance of being a na- 
tive, but it is highly 
probable that it was 
introduced from Europe, 
as it is not distinguish- 
ablefrom Agrostis vulgaris 
With., described origi- 
nally from England. 

There can be no doubt 
that this is the grass to 
which the name Rhode 
Island bent properly ap- 
plies. Both the literary 
and traditional evidence 
clearly lead to this con- 
clusion, which, however, 
has been obscured by the 
fact that many recent 
writers erroneously asso- 
ciated the name Rhode 
Island bent with Agrostis 
canina l.., a grass rare in 
America. 

It will suffice to point 
out that Flint (5, p. 18- 
20), in 1857, was perfectly 


Fig. 2.—Rhode Island bent (Agrostis tenuis). The detailed 
figures Show the ligule and a single spikelet. 


familiar with both Rhode Island bent (Agrostis vulgaris) and white 
bent (Agrostis alba), the distinctive characters of which he contrasts. 

Howard (7), before this, distinguished ‘‘ Agrostis vulgaris major, 
large redtop, western redtop,” from ‘‘ Agrostis vulgaris minor, small 
redtop, finetop, etc.,’’ but erroneously associated the name ‘‘ Rhode 
Island, or Burden grass’ with the former. Potter (13) in 1889 
described the methods of saving seed of Rhode Island bent used by 
him on Prudence Island. On this island the common grass to-day 
is Agrostis vulgaris, while Agrostis canina, if it occurs there at all, is 


at least very rare. 
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The name redtop in New England commonly applies to Agrostis 
vulgaris and not to Agrostis alba, which formerly at least was known 
generally as white bent or whitetop. 

Among the common names that have been applied in New England 
to Rhode Island bent are the following: Rhode Island grass, fine 
agrostis, fine bent, furzetop, Burden (or Burden’s) grass, and small 
redtop. 

Occasional plants of Rhode Island bent possess an awn to the 
floret. - This form has been named Agrostis alba aristata Gray. It 
is much less common than the unawned Rhode Island bent, and 
Hitchcock (6) speaks of it as ‘‘scarcely more than a form of Agrostis 
alba vulgaris.’ This variety has never been cultivated except as its 
seed was indirectly mixed with true Rhode Island bent. 

Agrostis alba aristata Gray breeds true or nearly so. Jenkins (8) 
reports an experiment in which nine plants were grown from awned 
seeds. In all cases the resultant plants had at least some of their 
florets awned, but in about one-third of the panicles there were but 
few awned florets, and in six panicles no awns could be detected. 

The problem as to whether Rhode Island bent and its awned 
variety are native in America or were introduced from Europe is 
difficult. Their widespread abundance in New England argues in 
favor of their nativity, but other undoubtedly introduced perennial 
grasses are quite as widespread and abundant, such as Bermuda 
grass and Johnson grass in the South, bluegrass over much of the 
northeastern quarter of the United States, and velvet grass in the 
Pacific Northwest. To a less degree timothy, orchard grass, redtop, 
and other grasses show the same phenomenon. 

Tf Rhode Island bent were native, it should show geographical con- 
tinuity either northeastward through Labrador and Greenland or 
northwestward through Alaska. In the case of Old World plants 
undoubtedly native in New England, one or the other of these lines 
of natural distribution is evident. The distribution of Rhode Island 
bent does not accord with either of the two possible routes of natural 
spread, which argues in favor of the grass bemg introduced by man. 

Prof. M. L. Fernald, of Harvard University, whose long and inti- 
mate knowledge of the northeastern American flora makes his testi- 
mony of special value, writes— 

I am now ready to state that Agrostis vulgaris is in all probability an introduced, 
though very extensively naturalized, grass. I can find no evidence of it in the more 
remote and essentially untrodden areas in the interior of Newfoundland or Gaspe, 
although in the neighborhood of settlements the plant has taken freely to primitive 
habitat. Variety aristata I should call unquestionably indigenous, though I have 


occasionally found it growing by roadsides or in the turf of lawns. Its chief habitats, 
however, are the absolutely untouched woodlands and thickets. 
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Rhode Island bent, by a curious and unfortunate misidentification, 
has for a long time been referred to both in seedsmen’s catalogues 
and in botanical publications as Agrostis canina L. Agrostis canina, 
popularly known in England as brown bent, is sparingly introduced 
in America. It has never been handled pure in the seed trade, 
although its seed is a common impurity in seed of South German 
mixed bent. 

The authority responsible for the identification of Rhode Island 
bent as Agrostis canina is obscure, but Beal (2, p. 151) adopted it 
in 1887, while Olcott (12, p. 179-180) in the same year mentioned 
the name with the following explanation: 

The botanic situation was complicated some 10 or 12 years ago by the well-meaning 
efforts of a Providence merchant—assisted by a botanist—to stem the tide of adulter- 
ation. This injured his own business and that of seed growers in the Narragansett 
country, who relied for a living on their sales of fine Agrostis seed under the trade 
name of Rhode Island bent. After what he considered a sufficient examination this 
worthy botanist declared that the systematic name of Rhode Island bent should be 
Agrostis canina, and this name was actually adopted in the lists of several eminent 
seedsmen. 

This unfortunate error has contmued both in commercial and 
botanical publications to the present day. As both the seed and 
other characters of brown bent are very distinct from Rhode Island 
bent, it is to be hoped that the error m due time will be generally 
recognized. 

Rhode Island bent was formerly a grass of considerable commercial 
importance, but in recent years it has been little gathered. Seeds- 
men continue to include it in their lists, but the seed offered is nearly 
always redtop or South German mixed bent, or a mixture of these 
two. There were two reasons for the commercial decline of true 
Rhode Island bent: (1) The development of the redtop-seed industry 
in Illinois and (2) the importation of South German mixed bent 
seed. The seeds of these three are very much alike and can easily 
be substituted one for another. Redtop seed is much the cheapest 
of the three. For this reason it was often substituted wholly or in 
part for Rhode Island bent. Furthermore, redtop is more valuable 
for hay and pastures than Rhode Island bent, so that the use of the 
latter for these purposes declined. For fine lawns, however, Rhode 
Island bent is much superior to redtop. 

Rhode Island bent makes a fine, close turf, scarcely inferior to 
that produced by South German mixed bent. At the time of writing 
(January, 1918) no seed of South German mixed bent is available, 
owing to conditions arising out of the European war. Rhode Island 
bent is, however, a very satisfactory substitute for use on lawns 
and golf courses, for which there exists a very large demand. Prac- 

55049°—18—Bull. 692——2 


10 BULLETIN 692, U. S. DEPARTMENT OF AGRICULTURE. 


tically unlimited quantities of the seed could be gathered in New 
England and New York, and it is hoped that the conditions existing 
will bring about its commercial reestablishment. Even in competi- 
tion with South German mixed bent there would continue to be a 
large demand for Rhode Island bent, so that the industry of gathering 
the seed should be permanent. 

Rhode Island bent only rarely produces creeping stolons or run- 
ners, and these when present seldom exceed 6 inches in length. Single 
plants of Rhode Island bent rarely form patches of turf more than 
6 inches in diameter. 

Inasmuch as it seems advisable to drop the name Agrostis capil- 
laris L., the name to be used should be the oldest one that undoubt- 
edly belongs to Rhode Island bent. This is Agrostis tenwis Sib- 
thorp, 1794, while Agrostis vulgaris With. dates from 1796. It is 
desirable that seedsmen use the name Agrostis tenuis in connection 
with Rhode Island bent, as Agrostis vulgaris has too commonly but 
erroneously been associated with redtop. 

Rhode Island bent makes a very fine turf, dark green in color, and 
is apparently a pure strain in this respect. The seed may contain a 
small percentage of redtop, as this coarser grass is not rare in some 
New England pastures, but the percentage of redtop is seldom 
enough to be noticeable in the resultant turf. 

From the practical standpoint of growing fine turf there is little 
reason to prefer any other bent to Rhode Island bent. The latter 
grass is so abundant in New England and New York that prac- 
tically limitless quantities of seed could be gathered. With care, 
fields containing an appreciable quantity of redtop may be avoided, 
as when in bloom redtop is easily distinguished by its taller habit, 
broader leaves, coarser panicle, and longer hgule. 

In view of these facts, it seems highly desirable that American 
seedsmen handle Rhode Island bent seed on its merits. There seems 
to be no reason why the New England seed can not be gathered at 
least as cheaply and probably more so than the South German mixed 
bent. It is not unlikely that special seed-gathering machines may be 
adapted or devised to further this industry. At present a vast quan- 
tity of this seed goes to waste, as even on well-grazed pastures the 
seed crop is little diminished. 


COLONIAL BENT. 


During the last few years seed from New Zealand has been put on 
the market under the names colonial bent and browntop. Turf and 
plants grown from this seed show it to be identical with Rhode Island 
bent. 
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Velvet bent, or brown bent (Agrostis canina L.), is native to Europe 
but sparingly introduced into the United States. A small percentage 
of the seed commonly occurs in South German mixed bent. On put- 
ting greens seeded to the latter, the velvet bent can easily be detected 
by its forming very dense circular patches of a rather pale or apple- 
green color. The leaves are finer than those of carpet bent, usually 9 
nerved, and under a lens are seen to be minutely roughened. The 
ligule is long. The patches of turf made by single plants of velvet 
bent are often a foot or more in diameter and make what is probably 
the finest of all grass turfs. Under the conditions at Washington, 
D. C., velvet bent rarely forms seeds, the flowers being replaced by 
propagula resembling bunches of small leaves, which propagate the 
plant vegetatively. When grown alone, velvet bent forms much- 
branched stolons 4 or 5 inches long and often with dense masses of 
leaves at the tip. This character does not appear in closely clipped 
turf. 

A source of a supply of seed of this grass is a great desideratum, 
as the turf it makes is of such exquisite quality and beauty of 
appearance. 

CARPET BENT. 


Carpet bent is one of the most desirable turf plants that always 
occurs in turf grown from South German mixed bent seed. Seedsmen 
commonly label South German mixed bent seed Agrostis stolonifera 
and use such common names as creeping bent, South German fiorin, 
and stoloniferous bent grass. 

The only source of supply of commercial seed has been southern 
Germany. It is said to have been gathered from natural areas of 
grass and not specially planted for seed production. 

Most of the plants grown from South German mixed bent seed are 
apparently identical with Rhode Island bent. The leaves have 
short ligules, and when grown to maturity the plants are indistinguish- 
able from Rhode Island bent. 

In old plantings of South German mixed bent, especially on putting 
greens, at least four forms of turf may usually be distinguished: 
(1) Bright green very fine-leafed circular patches, (2) dark green 
larger circular patches, (3) blue-green similar patches, and between 
these (4) medium green turf not in definite patches. The bright 
green very fine-leafed plant is velvet bent (Agrostis canina). The 
grass that does not form definite patches is probably nearly all Rhode 
Island bent. The other two sorts that form circular mats are forms 
of what is here called carpet bent. 

When portions of these Jast two are planted alone they produce 
creeping runners 3 or 5 feet long the first season, making circular 
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mats 5 to 7 feet in diameter, and with relatively few flowering culms. 
It is by this stoloniferous character that carpet bent is most strikingly 
distinguished from Rhode Island bent, but the ligules are long and 
the flowering panicles rather dense. 

Experiments are now under way to test turf grown from different 
forms of carpet bent by vegetative multiplication. It is found very 
easy to plant by cutting the long runners into pieces 2 to 3 inches 
long. This method is entirely practicable where a uniform fine 
quality of turf is desired. One plant 6 feet in diameter will give 
enough cuttings to sow «n area 30 feet square. Such pure strains 
avoid the particolor effect so characteristic of greens seeded to 
South German mixed bent. 

The botanical! name to be applied to carpet bent is not yet certain. 


SUMMARY. 


(1) Rhode Island bent is a very common grass in New England 
and New York and less common west to Michigan and south to 
Virginia. The evidence points clearly to its being an introduction 
from Europe. 

(2) Rhode Island bent seed was formerly gathered in considerable 
quantities, mainly in Rhode Island, but in recent years very little 
of the genuine seed has reached the market. 

(3) The commercial decline of Rhode Island bent seed seems to 
be correlated with the development of the redtop-seed industry in 
Illinois. Redtop seed is cheaper and therefore was substituted for 
Rhode Island bent by dealers. 

(4) Rhode Island bent is an excellent grass for fine turf, and for 
this purpose is excelled only by velvet bent and carpet bent. 

(5) Rhode Island bent seed could be gathered nearly pure in 
almost unlimited quantities from old pastures in New England and 
New York. By the use of labor-saving machinery the seed should 
be harvested cheaply enough to command a large market. 

(6) Colonial bent, or browntop, the seed of which is gathered in 
New Zealand in small quantities, is the same as Rhode Island bent. 

(7) The botanical names of Rhode Island bent and the related 
grasses, redtop, fiorin, creeping bent, and velvet bent, have been much 
confused. Some of the common names also have been erroneously 
interchanged. The name fiorin really belongs to a grass formerly 
cultivated that possesses long, creeping, leafy runners and was 
propagated solely by these runners, the seed never having been 
handled commercially. This name therefore should not be used 
either for redtop or for Rhode Island bent. The name Agrostis canina 
belongs to velvet bent and should not be applied to Rhode Island 
bent, which botanically is Agrostis tenuis. 
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(8) Carpet bent (Agrostis sp. mdet.) and velvet bent (Agrostis 
canina L.) make up much of the turf on 3-year-old lawns grown from 
South German mixed bent seed. This mixed seed constitutes at 
present the only commercial supply of these two fine bents. 

(9) Redtop and fiorin produce rather coarse turf as contrasted with 
the three fine bents. Of the latter, velvet bent makes the densest, 
finest turf and carpet bent the next best, while Rhode Island bent is 
slightly coarser. All these, however, either alone or in mixture, make 
the finest, smoothest turf of all northern lawn grasses. 

(10) It is recommended that seedsmen employ the following 
common and scientific names for the grasses described in this bulletin. 

Redtop—Agrostis palustris Huds. 
Rhode Island bent—Agrostis tenuis Sibth. 
Colonial bent—Agrostis tenuis Sibth. 


Velvet bent—Agrostis canina L. 
South German mixed bent—Agrostis spp. 
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Part Il.—_THE SEEDS OF REDTOP AND OTHER BENT GRASSES. 
By F. H. Hitman, Assistant Botanist, Seed-Testing Laboratories. 
INTRODUCTION. 


It is important that the seed of redtop be distinguished from that 
of other bent grasses which have finer leaves and stems, because 
it is often sold as seed of the latter. Redtop seed has been imported 
from Europe as seed of the finer bent grasses, and more rarely the 
latter has been imported as seed of redtop. 

The seed of common redtop (Agrostis palustris Huds.; Agrostis 
alba Li. of most botanists) is mostly produced in southern Ilnois. 
The seed of Rhode Island bent (Agrostis tenuis Sibth.), a very abun- 
dant grass in New England and New York, formerly was gathered - 
in commercial quantities,-but little, if any, of it has been in the 
market in recent years. Colonial bent seed has been received from 
New Zealand. Plants grown from this seed have proved to be 
Agrostis tenuis and therefore botanically identical with Rhode 
Island bent. The seed of South German mixed bent, believed to be 
produced in southern Germany only, has been imported from different 
points in Europe and from England. ‘‘South German mixed bent” 
is not a trade name, but it is used in this bulletin to avoid confusion 
with the trade names in use. ‘This seed is a mixture of the seed of 
redtop, velvet bent (Agrostis canina L.), and one or more undeter- 
mined species or varieties of bent. 


TRADE CONDITIONS. 


The relation to each other of the kinds of seed under discussion 
as they appear in the trade is essentially as follows: American-grown 
redtop seed is not likely to have mixed with it seed of the other bent 
grasses. Rhode Island bent seed, now at least rare in the market, 
is likely to contain some seed of redtop, since the latter grass is 
common where the Rhode Island bent prevails. Seed of velvet 
bent (Agrostis canvna) does not occur in the trade as pure seed, and 
but rarely as a predominating ingredient of South German mixed 
bent seed. It appears to enter the American trade only through 
the imported seed produced in southern Germany. 

The samples of colonial bent which the writer has seen contained 
considerable chaff, but the bent seed was the purest Agrostis tenuis 
that has come under his observation. Seed of South German mixed 
bent, imported under one name or another, exhibits the impurities 
characteristic of seed produced in Europe, and in this way can be 
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distinguished from seed grown in this country when considered in 
bulk quantity. This seed has been imported under the names 
Agrostis stolonifera, Agrostis canina, creeping bent, South German 
agrostis, South German fiorin, or some similar name, and as Rhode 
Island bent. 

One hundred samples of seed imported under some one of the above 
names or a similar name and taken at random from among custom- 
house samples representing importations prior to 1915 were labeled 
as follows: ‘‘ Agrostis stolonifera,’ 54 samples; ‘‘ Agrostis canina,” 
27 samples; ‘‘creeping bent,” 9 samples; ‘South German fiorin,” 3 
samples; ‘‘German fiorin,”’ 2 samples; ‘‘German agrostis,”’ 2 sam- 
ples; ‘‘Rhode Island bent,” 2 samples; and ‘True German agrostis,” 
1 sample. Of these samples, 5 consisted of redtop only, while 25 
contained redtop as the principal mgredient. In the remaining 70 
samples, seed of the finer bent grasses predominated. Seed of velvet 
bent was present in each of the 95 samples, and in some this appeared 
to amount to as much as 40 per cent or more of the mixture. The 
remaining undetermined fine bent seed in these lots predominated 
in most of the 70 samples. 

From a wider range of samples of imported seed, 27 were found to 
consist of redtop only. But 4 of these samples were imported as 
redtop, the others being labeled as follows: “ Agrostis stolonifera,”’ 
9 samples; ‘‘creeping bent,’ 5 samples; ‘‘grass seed,’’ 5 samples; 
“fancy agrostis,’”’ 2 samples; “Agrostis canina,” 1 sample; and ‘Agros- 
tis vulgaris,’ 1 sample. Careful examination of these samples of 
redtop seed failed to show any evidence that the seed was produced 
in Europe, and good reasons appeared for believing that it was grown 
in this country. Instances were also noted of the entry of see of 
the finer bents, labeled “‘redtop.”’ 

The importations of Agrostis during 1916 represented 48 lots, 
totaling 46,663 pounds. Two lots amounting to 1,508 pounds con- 
sisted of redtop only. One lot only, of 3,900 sounds, was South 
German mixed bent seed. The remaining 45 lots, totaling 41,255 
pounds, came from a single firm in Arnheim, Holland. The seed in 
each of these lots was chiefly redtop, together with South German 
mixed bents varying in quantity from a mere trace to an appreciable 
proportion. Of the 48 lots imported in 1916, 27 were entered as 
“creeping bent,’’ 17 as ‘‘ Rhode Island bent,” 2 as ‘‘ Agrostis canina,”’ 
1 as “ Agrostis stolonifera,”’ and 1 as “‘redtop.’’ One of the two lots 
of redtop was imported as “‘redtop’’; the other as “creeping bent.”’ 
The single lot of South German mixed bent seed was imported as 
“Rhode Island bent.”’ 

Owing to the European war no importations of South German 
mixed bent seed were made in 1917 or prior to March 6, in 1918, 
the date of this writing. | 
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DISTINGUISHING THE SEEDS. 


In consequence of the close relationship existing between redtop 
and the other bent grasses, their seeds are very similar in appearance 
and are readily mistaken, one kind for another, unless they are 
examined critically with the aid of a low-power compound microscope 
or a high-power 
hand lens. 

The distinguish- 
ing characters of 
the minute seeds of 
redtop and other 
bent grasses which 
are of practical 


4 
value in TecOgniZ- = Fig. 3.—Hulled seeds of redtop (Agrostis palustris), enlarged, illustrating 


1 1 the general structure of seeds of bent grasses: 1, Back of the lemma; 

ans the poe eepae a, the keel vein; 6b, the marginal veins; c, the callus. 2 and 3, The 

found in the seeds opposite side of the seed; d, the palet, not wrinkled and covering the 

when freed from grain; e, the palet, wrinkled and shorter than the grain. 4, Back of a 
lemma haying an awn (f) and intermediate veins (9@). 

the outer envelop- 


ing chaff (fig. 3). This chaff (fig. 4) readily separates from well- 
matured seeds. In immature seeds the chafly scales tend to cling to 
each other and to the inclosed seed. An unnecessary proportion of 
chaff usually constitutes a considerable part of the bulk of Rhode 
Island bent, colonial bent, and 
South German mixed bent seed. 
Domestic redtop is sold with the 
chaff present as “‘chaffy”’ redtop 
and free of the chaff as ‘fancy,” 
“hulled,” or ‘‘recleaned”’ redtop. 
An opinion on the kind of seed 
found in a given sample and its 
probable source is based upon (1) 
the structural characters of the 
seed, which show its kind, and (2) 
theimpuritiesfound in the sample, 
Fic. 4.—Chaff, or hull, of redtop seed: a, Whole gych as other grass seeds, weed 
spikelets usually devoid of seed in ‘‘chaffy’’ E 
grades; b, separated scales of the same; a and b seeds, and chaff, which usually 
represent the outer chaff oftheseed. (Enlarged.) indicate the source of production. 


GENERAL STRUCTURE. 


Freed from the two outer chaffy scales, called the glumes, an indi- 
vidual seed of redtop or of the other bent grasses consists of a grain 
lying between two unequal, more or less inclosing scales (fig. 3, 
1 and 2). The larger scale, which exceeds the length of the grain, 
is termed the lemma. The smaller is termed the palet or palea. 
The palet is especially important in distinguishing the kind of seed. 
While the palet varies somewhat in the same kind of seed, it differs 
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greatly in seed of certain different kinds. The base of the seed has 
a collarlike thickening, the callus, which sometimes bears a few 
bristlelike white hairs. The apex of the seed is pointed and three 
angled or four angled, depending upon the number of veins at the 
apex of the lemma. 

The lemma has at least three evident longitudinal veins, one near 
each margin, the marginal veins, and one in its center, the keel vein 
(fig. 3, 1). These veins produce the 3-angled form of the apex 
of the lemma. Often the keel vein does not develop to the apex of 
the lemma, and it sometimes develops into a bristle, or awn, projecting 
from the keel of the lemma (fig. 3, 4). In either event two additional 
veins, the intermediate veins, appear between the keel and marginal 
veins. The intermediate and marginal veins then give the apex of 
the lemma a 4-angled form. The lemma is thin and usually 
translucent at the apex, becoming thicker and opaque toward the 
base. The translucent portion of the lemma gives the seed of some 
species a silvery white appearance. 

The palet has two longitudinal veins if snfigiony well developed 
(fig. 3, 2 and 3). Itis very thin, often translucent and showing the 
darker grain beneath, sometimes transparent and obscure. It 
varies in size and texture and in its tendency to be free from or 
adherent to the grain. 

The grain usually is reddish brown, oblong in outline, and finely 
wrinkled at maturity. The interior, or endosperm, may be dry and 
somewhat resistant to pressure on crushing, or it may be semifluid 
and soft when crushed, depending on the species of the seed. 


DISTINGUISHING CHARACTERS. 


The distinguishing characters of the hulled seeds of redtop and 
the other commercial bent grasses appear in the comparative size and 
form of the seed, the texture and surface markings of the lemma, the 
character of the awn, the length of the palet compared with the length 
of the lemma and of the grain, its texture and degree of adhesion to 
or its freedom from the grain, the size and consistency of the grain, 
the associated weed seeds and other seeds, and the character of the 
chaff, if present. 

In practical seed analysis, small bulk samples of commercial seed 
of redtop, Rhode Island bent, colonial bent, and South German 
mixed bent can be distinguished one from another. The velvet- 
bent seed in the South German mixed bent seed can be distinguished 
and its true proportion determined. In mixtures of the commercial 
kinds determination within 5 per cent of the true proportions of 
redtop seed and seed of the fine bent grasses taken collectively can 
be made. The seed of the fine bent grasses found in South German 
mixed bent seed, exclusive of the velvet-bent seed it appears always 
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to contain, can not at present be identified with certainty or dis- 
tinguished by: the seed alone from American-grown Rhode Island 
bent seed and colonial bent seed. Finally, the seed of carpet bent 
or strictly stoloniferous forms of bent can not be recognized at present. 
These phases of the subject are open to further investigation. 

The commercial kind of seed is often suggested and sometimes 
determined by evidence of its source of production which appears in 
the associated weed seeds and other seeds found in the sample. 
Though certain kinds of weed seeds are found in both domestic and 
imported seed, others are strongly suggestive either of domestic or 
of foreign production. In this matter, the absence of certain kinds of 
seeds is as helpful as the presence of others. 


THE SEEDS DESCRIBED. 


The following descriptions of the seeds of redtop, Rhode Island 
bent, and velvet bent are based chiefly upon their appearance under a 
low-power compound microscope. When the distinguishing charac- 
ters are recognized by this means the use of a high-power hand lens 
enables one to recognize with a considerable degree of accuracy 
the kinds in bulk quantity or in mixtures. A complete qualitative 
and quantitative analysis requires the use of a compound microscope 
and of laboratory methods. 


SEED OF REDTOP (AGROSTIS PALUSTRIS HUDS.; AGROSTIS ALBA L. OF MOST BOTA NISTS). 


Lemma 0.05 to 0.08 of an inch in length, lanceolate to lanceolate- 
oblong in outline, somewhat glisten- 
ing, thelongest lemmas exceeding the 
grain about one-third their length, 
the upper third or half of the lemma 
translucent and silvery white, the 
lower part opaque and often straw 
colored, the apex usually distinctly 
three angled, occasionally four an- 
‘gled by the absence of the keel vem; 
the surface glabrous, very finely 
and longitudinally striate; the awn 
occasional, rudimentary, straight) an ate 
not spirally twisted, rarely exceed- ce the palet is not wrinkled and covers the 
eee! the Jemma pr bent ga ae nae 
and twisted, arising near the apex natural size is shown at f.) a, 
of the lemma, rarely as low as the 
middle of the latter, often a mere so egtilen from the surface (fig. 
3, 4); hairs at the callus present or wanting; palet exhibiting two 
types in appearance: (1) Not wrinkled, scarcely translucent, evi- 
dently striate, usually equaling or exceeding the grain (fig. 3, 2); 
(2) wrinkled, often shorter than the grain and between two-thirds 
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and three-fourths the length of the lemma, rarely but half the 
length of the grain, obscurely striate, translucent, showing the 
orain, more or less adherent to the grain, rarely wholly adherent and 
transparent and therefore obscured till separated from the grain 
(fig. 3, 3); vems of the palet often 
distinct, sometimes scarcely evident; 
erain oblong in outline, often robust, 
mostly reddish brown and finely 
wrinkled, dry and mealy when 
crushed under slight pressure (fig. 5). 


SEED OF RHODE ISLAND BENT (AGROSTIS 
TENUIS SIBTH.; AGROSTIS VULGARIS WITH.). 


Lemma 0.04 to 0.07 of an inch in 
length, ovate-lanceolate to narrowly 
lanceolate in outline, narrowly point- 
ed at the apex, exceeding the grain 
by one-fourth or less of its length, 


Fig. 6.—Seeds of Rhode Tsland bent (Agrostis 
tenuis), enlarged and natural size. In seeds 
aand 6 the palet is not wrinkled. In seeds pot, glistening, the upper half or more 


cand d the palet is wrinkled and translucent. f the lemma t 1 t and sil 
In seed e the transparent, closely adherent © the le cnt bias ee Selo! 


palet is obscured against the darker grain. white, opaque toward the base; the 


The natural size is shown at /. 
o surface of the lemma glabrous and 


finely striate longitudinally; the apex of the lemma usually distinctly 
three angled; an aborted awn occasional from near the apex or 
rarely not lower than the middle of the lemma, straight, not spirally 
twisted, rarely equaling the apex of the lemma, such awn-bearing 
lemmas sometimes four angled at the apex; seeds 
of some plants all or nearly all bearing similar 
awns, each awn arising between one-fourth and one- 
third the length of the lemma from its base, the 
awn bent near the apex of the lemma and spirally 
twisted below the bend; the lemmas thus awned 
four veined at the apex (fig. 7); palet sometimes 
not wrinkled, semitranslucent and striate, rarely 
equaling the grain, usually clearly shorter than 
the grain, between one-half and two-thirds the 
length of the lemma, or often scarcely exceeding ye 7—Soede of the 
half the length of the grain, usually wrinkled and — awned form of Rhode 
partially adherent to the grain, often wholly ad- a hae 
herent and transparent and therefore obscured 
till separated from the grain; veins of the palet commonly wanting; 
grain slenderly oblong in outline, dry and mealy when crushed. 
(Figs. 6 and 7.) 

Compared with seeds of redtop, the seeds of Rhode Island bent are, 
in general, more slender, smaller, less glistening, and lighter colored; 
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the lemma and palet are thinner, somewhat more translucent, the 
palet more frequently adherent to the grain and transparent. The 
palet is distinctly smaller than is usual in redtop and shorter in pro- 
portion to the length of the lemma. The nonwrinkled, striate, often 
opaque palet, which commonly equals or exceeds the grain in redtop, 
is conspicuously rare in seeds of Rhode Island bent. Seeds bearing a 
twisted, bent awn from near the base, common in Rhode Island bent 
seed, are absent in redtop. The grain in Rhode Island bent-grass 
seed is somewhat smaller and more slender than in redtop. 

Seeds of colonial bent (Agrostis tenuis) present all the characteristics 
observed in the seeds of Rhode Island bent. 


SEED OF VELVET BENT (AGROSTIS CANINA L.). 


Lemma 0.04 to 0.07 of an inch in length, ovate-lanceolate or 
elliptical in outline, exceeding the 
grain from slightly to one-fourth 
its length; surface usually min- 
utely granular, obscuring the faint 
longitudinal striation; surface dull 
and pale straw colored or appar- 
ently darker, due to the grain 
appearing through the lemma, 
which often is translucent except 
at the opaque base; hairs at the 
callus present or wanting; many 
seeds awned, the awn varying 


f A is f th Fic. 8.—Seeds of velvet bent (Agrostis canina), 
rom a mere projection rom e enlarged and natural size. Seeds a, b,c, andd 


surface to a long bristle exceeding exhibit the minute palet. Well-developed 
sy Bent th f awns appear at d and e. Rudimentary awns 
e lemma, bent near the apex O are indicated at f and g. A much-exposed 


the latter and spirally twisted grain is shown atc. (The natural size is shown 


below the bend, many of the inter- nee) 


mediate forms straight and not twisted, the awns mostly arising near 
the middle of the lemma, the longest ones occasionally arising as low 
as one-fourth of the length of the lemma from its base; apex of the 
lemma four veined, owing to the absence of the keel vein above the 
middle of the lemma; palet a minute, obscure scale of subequal length 
and width, appearing as a whitish spot at the base of the grain; grain 
usually smaller than in redtop or Rhode Island bent, its surface 
more or less exposed between the margins of the lemma, soft, and 
under slight pressure exuding the semifluid endosperm. (Fig. 8.) 

A greater proportion of the seeds of velvet bent are small than is 
the case in redtop or Rhode Island bent. The ovate-lanceolate or 
elliptical outline, the dull granular surface, the large proportion of 
awned seeds, the absence of an evident palet, and finally the soft 
semifluid grain serve readily to distinguish these seeds from those 
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of redtop, Rhode Island bent, and colonial bent. By the same 
means, the seeds of velvet bent can be recognized when occurring 
in South German mixed bent seed. 


IMPURITIES OF COMMERCIAL SEED. 


An examination of many commercial samples of the seeds of redtop 
and of South German mixed bent shows that their origin, whether 
domestic or foreign, can usually be determined. The studies of the 
writer in this connection include domestic redtop seed, redtop im- 
ported from Europe, South German mixed bent seed imported from 
Germany, Holland, and England, and a limited number of samples 
of Rhode Island bent seed from Rhode Island and of colonial bent 
seed from New Zealand. The samples of domestic redtop seed and 
of South German mixed bent seed examined were sufficient in number 
to show the prevailing kinds of incidental seeds occurring with these 
commercial seeds. A smaller number of samples of redtop seed 


Rumex acetosella Cerastium yvnlgatun Veronica arvensis Achillea millefoliun: 


Fig. 9.—Seeds occurring frequently in both American-grown redtop seed and South German mixed bent 
seed (enlarged and natural size): 1, Sorrel (Rumer acetosella); 2, mouse-ear chickweed (Cerastium vul- 
gatum); 3, corn speedwell ( Veronica arvensis); 4, yarrow (Achillea millefolium). 


known to have been imported from Europe, 27 in all, represented, all 
that were available. The result of the examination of the samples 
of Rhode Island bent seed is supported by observations by the writer 
of the various plants occurring in fields in Rhode Island, where the 
Rhode Island bent grass grows abundantly. 

Among the incidental seeds found in domestic redtop seed and in 
South German mixed bent seed certain kinds are common to both. 
This is to be expected, since these incidental seeds occur commonly 
with other kinds of commercial seed of both domestic and foreign 
origin, owing to the cosmopolitan character of their plants. Four of 
the kinds found most frequently are shown in figure 9. Exclusive 
of these kinds, others are confined almost wholly to the domestic 
redtop seed (fig. 10), and still others are confined to the South Ger- 
man mixed bent seed (fig. 11). 

The plants represented by some of the kinds of seed considered 
characteristic of European-grown seed are known to occur in this 
country, but their distribution and the conditions of their growth are 
not such as to lead to the presence of their seed in domestic seed to 
the extent that they appear in the imported seed. Furthermore, the 
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absence from domestic seed of seeds characterictic of imported seed 
and the absence from imported seed of seeds characteristic of domes- 
tic seed, afford additional evidence of the origin of the seed in ques- 
tion. It was by the presence of certain kinds of seeds and by the 
absence of others that the 27 samples of imported redtop seed were 
determined to be of American origin. 


Fimbristylis lexa ‘Pimbristylie autumalis 


Lepidium virginicum Lepidium apetalun 


Se 


.¢] 


Potentilla monspeliensis Linum virginianum Ludwigia alternifolia Lyoopus virginicus 


aS 


Koellia flexuosa Plantago rugelii Legouzia perfoliata Radbeckia hirta 

Fig. 10.—Seeds characteristic of American-grown redtop seed and Rhode Island bent seed (enlarged and 
natural size): 1, Panic grass (Panicum sp.); 2, timothy (Phlewm pratense); 3, Fimbristylis lata; 4, Fim- 
bristylis autumnalis; 5, club rush (Scirpus sp.); 6, sedges (Carex spp.); 7, peppergrass (Lepidiwm virgini- 
cum); 8, peppergrass (Lepidium apetalum); 9, cinquefoil (Potentilla monspeliensis); 10, wild yellow flax 
(Linum virginianum); 11, rattlebox (Ludwigia alternifolia); 12, bugleweed (Lycopus virginicus); 13, moun- 
tain mint ( Koellia fleruosa); 14, black-seeded plantain (Plantago rugelii); 15, Venus’s-looking-glass (Le- 
gouzia perfoliata); 16, black-eyed Susan (Rudbeckia hirta). 

Some of the lots of seed imported as South German mixed bent 
consisted largely of redtop, and in some instances this redtop seed is 
strongly suspected of being American seed that had been added to 
the bent seed. This is consistent with the fact that 18 of the 27 
samples of imported American-grown redtop seed were brought to 
this country as South German mixed-bent seed under some trade 
name in common use, only 4 of the total number being entered as 


redtop seed. 
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The samples of Rhode Island bent seed examined may be con- 
sidered fairly representative of New England grown seed which has 
not been recleaned. Several kinds of incidental seeds which are 
characteristically American were found in these samples. Further- 
more, the weed seeds characteristic of South German mixed bent 
seed were absent from these samples. They contained no seed of 


Jancoides nemorosum 


10 


Alsine graminea Hypericum perforatum 


Ta P 


Plantago major Matricaria inodore Crepis virene Tapsana commnia 


Fic. 11.—Seeds characteristic of South German mixed bent seed (enlarged and natural size): 1, Silky 
bent grass (A pera spica-venti); 2, tufted hair-grass (Deschampsia caespitosa); 8, wavy hair-grass (Des- 
champsia flexuosa); 4, wood meadow grass (Poa nemoralis); 5, Weingarineria canescens; 6, wood meacow 
rush (Juncoides nemorosum); 7, spurry (Spergula arvensis); 8, poppy (Papaver spp.);-9, starwort (4 isine 
graminea); 10, St. John’s-wort (Hypericum perforatum); 11, willow herb ( Epilobium sp.); 12, heal-ell 
(Prunella vulgaris); 13, plantain (Plantago major); 14, scentless camomile ( Matricaria inodora); 15, fire- 
weed ( Crepis virens); 16, nipplewort (Lapsana communis). 


velvet bent (Agrostis canina), which has been found in every lot of 
South German seed examined. : 

The samples of colonial bent seed were too few to afford specific 
conclusions as to the range of the characteristic incidental seeds 
occurring with this seed; but certain kinds found are different from 
those occurring with seed of redtop or fine bents from other sources. 
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SUMMARY. 


(1) Seed of the bent grasses occurring or likely to occur in the trade 
consists of (1) redtop mostly produced in Illinois; (2) Rhode Island 
bent mostly gathered in Rhode Island, but in recent years scarce in 
the American market; (3) colonial bent from New Zealand; and (4) 
South German mixed bent, imported under various names from 
Europe. 

(2) The seed of redtop is the cheapest of the kinds of bent seed and 
often is substituted wholly or in part for the others. 

(3) The seed of redtop in the domestic trade is chiefly, if not 
wholly, of domestic production and is free from seed of Rhode Island — 
bent, colonial bent, and South German mixed bent. 

(4) The seed of Rhode Island bent is American grown and likely 
to contain some seed of redtop; but it appears never to contain seed 
of velvet bent. 

(5) The seed of colonial bent imported from New Zealand recently 
has appeared in this country. ‘This seed is botanically identical with 
that of Rhode Island bent. ‘The samples examined contained little 
or no redtop seed and were free from velvet bent. 

(6) South German mixed bent seed is produced in southern Ger- 
many and has been imported for the American trade. Owing to the 
European war, but one importation of this seed was received in 1916 
and none in. 1917. It consists of a mixture of redtop seed, velvet-bent 
seed, and seed of undetermined fine bent, which usually predominates. 

(7) The seed of redtop can be distinguished by the seed alone from 
that of Rhode Island bent, colonial bent, and the fine bent of South 
German mixed bent seed. 

(8) Rhode Island bent seed can be distinguished from South Ger- 
man mixed bent seed and colonial bent seed chiefly by means of the 
incidental seeds of weeds and cultivated plants present. 

(9) Individual seeds of Rhode Island bent apparently are indis- 
tinguishable from individual seeds of the undetermined fine bent 
found in South German mixed bent seed. 

(10) South German mixed bent seed can be identified by the inci- 
dental seeds present and by the seed of velvet bent (Agrostis canina) 
it contains. 

(11) Seed of velvet bent can be recognized, and its quantity in a 
sample of South German mixed bent seed can be determined 
accurately. 

(12) Seed of carpet bent or that of any strictly stoloniferous form 
of bent can not be recognized at present, so far as is known. 

(13) Redtop seed has been imported as South German mixed bent 
seed, presumably to be sold as the latter. Much of this seed, at least, 
was evidently American grown. 
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(14) Seed of South German mixed bent has been imported under 
several different names, which are not only confusing but in part are 
specifically incorrect and misleading. 

(15) In some instances excellent South German mixed bent seed 
has been imported under the names of redtop and Rhode Island bent. 

(16) The general condition of the domestic trade relating to the 
seed of the finer bent grasses is unreliable. 

(17) The principal misbranding im the trade, and the most impor- 
tant to the buyer, is the sale of redtop seed for seed of the finer bents. 


rr 
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The data presented in this bulletin are based upon 173 farm esti- 
mates. Three typical districts are represented in this study, namely, 
Provo, in Utah County, Utah; Garland, in Boxelder County, Utah; 
and Idaho Falls, in Bonneville County, Idaho. The observations 
which were made are directly applicable to the crop years 1914 and 
1915. At Provo and Garland practically all of the farmers who 
gave estimates during the year 1914 also contributed information 
for the crop year beginning April 1, 1915. 


SUMMARY OF RESULTS. 


The most important differences in the field practice employed in 
the three areas studied were found in such operations as manuring, 
plowing, disking, harrowing with the spring-tooth, cultivating (some 
using a 1-man-l-horse crew and others a 1-man-2-horse crew) and 
performing the hand labor (some utilizing the available farm help 
while others had this done on a contract basis). 
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There was a direct relation between the distance the beets were 
hauled and the cost per ton for marketing. 

The total costs presented in this bulletm are based upon the pro- 
duction of 1,461 acres of sugar beets in the Garland area, 833 acres 
of beets in the Provo district, and 735 acres of beets in the vicinity 
of Idaho Falls. The average beet yields for these acreages varied 
from 13 and a fraction tons at Idaho Falls to approximately 15 
tons for the Provo and Garland districts. 

Labor costs constituted 54.4 to 58.3 per cent of the total expense 
of production on the farms visited in this study. This included all 
man-and-horse labor; also the contract labor. The next largest item 
was interest on investment in land, which approximated 23.3 per 
cent of the total costs in the Garland area, 25.5 per cent at Provo, 
and 21.1 per cent at Idaho Falls. 

The total cost of production per acre was $69.03, or $4.65 per ton, 
for the Garland growers; $69.59 per acre, or $4.65 per ton, for Provo; 
and $62.68 per acre, or $4.60 per ton, for Idaho Falls. 

The total credits per acre were $74.40 at Garland, $74.20 at Provo, 
and $69.46 at Idaho Falls, thus giving a profit of $5.37, $4.61, and, 
$6.78 per acre for the respective areas. The estimated value of the 
beet tops was included in these credits. 

In the Garland and Provo areas sugar-beet production proved to 
be the most important enterprise of the farms that were visited. 
Over 40 per cent of the total farm receipts were secured from the sale 
of sugar beets. At Idaho Falls sugar beets and potatoes were of 
about equal importance. 

The facts brought out in this study indicate that yield per acre is 
an essential factor in reducing the cost per ton and consequently in 
increasing profits. Any change in the system of farm management 
that will contribute to increased yield without materially increasing 
the cost of production should receive the consideration of the grower. 

A study of the returns on these farms emphasizes the fact that a 
large number of operators did not have a margin of profit after allow- 
ance had been made for all expenses connected with the production 
of this crop, including interest on investment. 


OBJECT. 


This investigation was undertaken for the purpose of making a 
study of the methods of farm practice which have been adopted in 
a few of the more important areas where the sugar beet has come 
to occupy a paramount place in the cropping system. Some pre- 
liminary observations were made in these areas during the years 
1910 and 1911. The work at that time was confined entirely to 
farm-practice studies. Cultural information was sought with a view 
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to offering suggestions for a few districts where the beet growers 
were experiencing difficulty in producing satisfactory yields. Sub- 
sequently it was felt that information of this character would be of 
value in planning agronomic experiments that would have a direct 
bearing upon some of the more urgent problems engaging the atten- 
tion of the beet grower. The field practice of one district has fea- 
tures which can be adopted with profit in another, and if enough 
farms are studied many general questions with reference to soil and 
crop management can be answered. This project was organized 
not only for the acquirement of information relating to the produc- 
tion of sugar beets, but it was also developed in such a way as to 
provide growers with an adequate statement concerning the labor 
requirements of the crop. With these data available, a fair average 
cost of producing suger, beets in these three (isis has been 
determined. 

In working out the cost figures, the man labor was calculated 
by using an average rate per hour, the latter being based upon the 
actual wages paid in 1914 and 1915. In order to place all records on 
the same basis, no account has been taken of the compensation for 
supervision of the farm business. The work of each operator has 
been charged against the crop as if some person had been hired to 
do each task. Likewise, the horse-labor cost was computed on the 
basis of the average price paid by farmers in the respective districts. 

Costs reported are applicable to the years 1914 and 1915. In 
order to bring the various items down to date, the hours of man and 
horse labor should be multiplied by the senile man and horse 
rates; likewise, necessary changes should be made where increases 
or decreases have occurred in cost of materials, use of land, or other 


costs. 
PROCEDURE. 


The survey method was adopted in procuring the records that 
supply the data for this discussion. A schedule was prepared to 
meet the requirements of the investigation, and these bianks were 
used by well-trained enumerators who visited the grower and obtained 
careful estimates covering the business of the farm for the preceding 
year. The operator was also asked to describe the implements that 
were employed in handling the beet crop. Furthermore, statements 
were obtained concerning the size of the crew and the normal time 
required in performing the various operations. The individual record 
was therefore compiled by settmg down answers to a series of ques- 
tions dealing particularly with the problems of sugar-beet production. 
Although very few men keep actual records of the daily work on the 
farm or of the business transactions which are made from time to 
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time, it has been found that an analysis of a suitable number of farm 
estimates provides material that indicates the trend of affairs in such 
a group and conclusions which may be drawn therefrom can be 


regarded as significant. 
COOPERATION. 


In developing and projecting these studies the Office of Farm 
Management worked jointly with the Office of Sugar Plant Investi- 
gations of the Bureau of Plant Industry. Acknowledgment is due 
the farmers in these districts who gave willingly of their time in order 
to furnish careful estimates with reference to their methods of pre- 
paring the soil, planting, cultivating, irrigating, and harvesting the 
sugar beet. These mer also gave information relating.to the acreage © 
and’ yield of the crops grown on the individual farms. The crop 
sales were given, and it was therefore possible to determine the 
relative importance of the sugar beet in these systems of farming. 
Each operator also reported the live stock on hand at the beginning 
and at the end of the farm year, and a statement was made showing 
the sales of live stock durmg the year. The relation of animal 
industry to beet production may be seen in these estimates. In all 
of these phases the growers cooperated heartily. 


AREAS STUDIED. 


Three distinct. areas were included in this survey (see fig. 1). 

In Utah County, near Provo, Utah, 21 reports were taken for 1914, 
and 37 farm records were obtained in the same area in 1915. Utah 
County has been an important beet-producing center for several 
years. The manufacture of sugar had its beginning in this State 
as early as 1852, but this pioneer venture did not prove successful. 
It remained for the farmers of Utah County to demonstrate at a 
later date the value of the sugar beet as a cash crop. The past 30 
years have witnessed the development of an exceedingly important 
industry for farmers living within the Salt Lake Basin and con- 
tiguous territory. In Boxelder County 39 records were obtained 
for 1914, and to these 40 were added for the crop year 1915. The 
farms which were visited lie adjacent to Garland, Utah; hence, in 
this discussion, the name of this town is sometimes applied to the 
district. A beet-sugar factory was built at Garland in 1903. At 
present Boxelder County leads all other counties in Utah in the 
number of acres planted to sugar beets. 

The third district in this series furnished 36 records. These 
farms were located in Bmgham and Bonneville Counties, near. Idaho 
Falls, Idaho.. The observations on this area were confined to the 
year 1915. The sugar factory at Idaho Falls, Idaho, was constructed 
in 1903; thus the beginning of the industry in this area corresponds 
with the initial work in beet production at Garland. | 


OX 
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CARBON 


MILLARD 
SEVIER 


GARFIELD 


Fic. {—Shaded areas on map indicate the three districts which were selected for this study. The stars 
represent the locations of the beet-sugar factories that were in operation during the years 1914 and 1915. 
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The development of the sugar-beet industry in Utah and Idaho 
is apparent in Table I, 


TaBLeE 1.—Sugar-beet acreage and yield in Utah and Idaho. 


Utah. Idaho. 
1899 | 1909 | 1915} 1899 | 1909 | 1915 
| 
| 
Motaliacneaves. eek se seecs wesece ee 7, 546 27,472 59, 400 None repontee, 15,601 35, 900 
Productionl(Gons)s=o= eee cess- aces. | 85,914 413, 846 | 691,000 |.-.-.- do 179, 661 375, 000 
Average yield peracre (tons)...-.---- 11.4 15.0 168 | Saas donsanens 11.5 10.4 


The figures for 1899 and 1909 were taken from census reports. The 
1915 figures are from the Government estimate on the sugar-beet 
crop in Utah and Idaho. Between the years 1898 and 1909 the sugar- 
beet acreage in Utah was increased almost fourfold. Within the 
six years from 1909 to 1915 the area planted and harvested more 
than doubled. It will be seen that Idaho farmers did not begin 
raising beets commercially prior to 1900. The past few years have 
witnessed a decided increase in the acreage devoted to this crop. 
The slight fluctuations which are apparent in the average yield per 
acre for the respective years were undoubtedly due to seasonal 
conditions. ; 

The acreage devoted to beets in the Garland district doubled 

within the five years from 1910 to 1915. There were 879 beet 
growers in this county in 1915, and they planted 10,874 acres to this 
crop. The average beet acreage per farm for the same season was 
12.37. This figure shows a slight increase over the preceding four- 
year average. The normal yield per acre for this region from 1911 
to 1915, inclusive, was 11.53 tons. 
_ There were 5,763 acres planted to sugar beets for the Idaho Falls 
factory in 1911. This area was increased to 8,076 acres in 1915. 
The average acreage devoted to beets in this district for the five- 
year period 1911-1915 was 6,198. Beet growers at Idaho Falls 
made an average yield of 11.18 tons per acre for the same period. 


CLIMATIC FEATURES. 


The climate in the region under discussion is semiarid in character. 
There is a considerable variation in the annual precipitation as 
recorded by observers at various pomts in the two States. Garland 
was not included in the list of weather stations which have kept 
continuous records through a series of years, hence the rainfall for 
the Bear River district will have to be judged in part from the 
reports for Corinne ‘The latter station is located at the southern 
end of the Bear River Valley ‘The average precipitation for Boxelder 
and Utah Counties, Utah, and Bingham County, Idaho, for a period 
of years will be found in Table IT. 
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TaBLE I].—Average rainfall by*months for 2 districts in Utah and 1 in Idaho.4 


1870-1909, | 1892-1909, | 1881-1908, 
Corinne, Provo, |Idaho Falls, 
Utah Utah, Idaho, 
Boxelder Utah Bingham 
County. County. County. 
Inches. Inches Inches. 
UPIUIBTAy spc GUAGE See Be ee aetna ee RS — Clas : ney 1.47 
FED) IT Atay peepee ey ae sen ON Oe eS Oo. 2 ee al re 1,24 1.46 1.32 
UNDP S oo 4 Geis een tage TRE ta aR ng eo a | 1.42 1. 65 2.03 
LATE sin ce ciccis te tle a Ae ee 22 2c a 1.12 1.28 1.16 
LEERY. 2 Soap Ee ee Oe ee iE Et eee 1.44 1.83 1. 62 
GD. 23 Sele S48 ey oe ee eee eR 33 59 - 66 1.41 
Lye see eee ek oe neo x... eS 45 42 53 
(RIN coke oe SSSR errr e = ae 5 tie 2 2 eee .59 50a) 82 
SUMMA e eee SEA Re ES nso 2 See . 67 81 63 
ETON CIE ne ect a oe ten See a... eee ee 1.02 91 1.02 
INORG Je Cee a ee ee 2! es 1.05 1.08 1.08 
[De REON ETP S22 5S neh Ser eo a ae eS 1.55 1.39 1.30 
SHOVETL ot, SAR SN aie pie a eR, 2 BS ut ea 12. 51 13.71 14.51 


a Reported by the Weather Bureau, United States Department of Agriculture. 


These records exhibit considerable uniformity in the distribution 
of rainfall by months. The heaviest precipitation occurs in the 
winter and spring. By combining the rainfall for the months 
January to May, inclusive, it will be seen that fully 50 per cent of 
the yearly precipitation occurs within this period. Under average 
conditions the summer. rainfall is exceedingly light. An increase in 
the monthly rainfall may be noted in October, and this average 
eradually rises until the maximum is reached in March. In 1914 
and 1915 the precipitation for the Provo district was considerably 
above normal. Boxelder County had for both seasons slightly 
more than the average rainfall. At Idaho Falls the precipitation 
was a little below normal for the year 1914 and more than 1 inch 
above the normal for 1915. 

By comparing the yearly averages for the three districts, given in 
Table II it will be seen that Boxelder County has the least rainfall, 
whereas the highest precipitation occurs in the Idaho Falls district. 
The increases coincide with increases of elevation. While it is true 
that the rainfall at certaim periods is sufficient to moisten the soil 
thoroughly, and at such times may provide enough water to be of 
value in crop production, there are many occasions when the pre- 
cipitation is so distributed that crops are not benefited appreciably. 
The snow which falls upon the mountains during the winter months 
affords a supply of water which is made available during the summer 
months and is utilized for irrigation purposes in the adjacent valleys. 
For most farms the artificial application of water is essential for 
successful sugar-beet production. 

The growing season extends from the latter part of April to the 
first or second week in October. The latest dates for spring frosts 
throughout this period varied from April 19 to May 28. In the 
autumn there was a variation from September 15 to October 18 in 
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the earliest frost dates for Utah. The*season at Idaho Falls is prob- 
ably somewhat shorter than the period indicated for the lower 
elevations. The Idaho Falls district not only has a higher elevation 
than the other two, but this area is also some distance farther north 
than Utah or Boxelder Counties. 


SOILS. 


The farms included in this study were located largely on four 
distinct soil types. Fortunately, the Bureau of Soils had classified 
considerable areas in the three districts selected for these observa- 
tions. In so far as these records are concerned, the Jordan loam is 
the most important soil type in the Provo and Garland sections. 
This type has been described as loamy in character, having a depth 
of 3 feet, and being underlaid with a stiff, tenacious clay. It is 
essentially a heavy soil and requires more than an average amount 
of work to maintain the proper tilth. It is well suited, however, to 
the production of sugar beets. A few records were taken on Mari- 
copa gravelly loam below Provo. Likewise a small number came 
from Malade fine sandy loam south of Garland. At Idaho Falls the 
Yakima loam is the prevailing type. This soil was built upon 
gravelly loam or water-worn gravel. It is stated that the Yakima 
loam is easily tilled, loose in texture, and bakes very little on exposure 
after irrigation.’ 


SIZE OF FARM IN RELATION TO BEET ACREAGE. 


A few of the 1914 estimates were taken on farms producing less 
than 5 acres of beets. The enterprise records for 1915 were confined 
almost entirely to farms producing 5 or more acres of beets. It was 
felt that the man who was growing less than 5 acres of beets would 
not. be prepared to give reliable information on field operations, such 
as harrowing, rolling, floating, cultivating, etc., because the 2 or 
3 acre field does not provide sufficient area to keep the crew employed 
for any considerable length of time, hence the operator would not 
have the necessary foundation upon which to build his estimate con- 
cerning a day’s work. All of the counties represented in this study 
contain a relatively large number of small farms, many of these units 
not planting more than 3 or 4 acres to sugar beets. A study of Table 
III will give the reader some idea as to the size of the farms in the 
four counties represented in this survey. These figures were taken 
from the Thirteenth United States Census Report. The table also 
contains a classification of the farms which were included in this 
survey. 


Survey, Provo Area, Utah, 1903; Soil Survey, Bear River Area, Utah, 1904; and Soil Survey, Blackfoot 
Area, Idaho, 1903. 
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TasiE I11.—Nuwmober of farms of specified sizes in 1910 in Boxelder and Utah Counties, 
Utan, and Bingham County, Idaho; also number of records secured in these counties, 
ENP) 


: se “ - Fremont 
A, Utah County. Boxelder County. | Bingham County. County. 
Size. 

Number | Records | Number | Records | Number | Records | Number 

of farms | secured | of farms | Secured | of farms | secured | of farms 

in 1910. jin 1914-15.| in 1910. jin 1914-15.| in 1910. |in 1914-15.) im 1910. 
Sacres and under-....--..------ SO Beas): 8 | Be eeiasc1sc se GRE aoe - eee 53 
10 to 49 acres. .......- 1,530 20 450 24 472 11 445 
50 to 99 acres. .-..--: 500 17 281 29 582 12 594 
100 to 174 acres. . -.-- 283 17 303 14 790 ‘ 12 1,372 
175 to 259 acres................. 98 3 122 5 it 4S. 236 
PAHO UOMO ACKES= = 5.222224 55--4 96 1 161 5 145s | anes ees | 293 
5000999 acres: - ..2...2--.:-..- SAD). || es eee, 77 2 Shand Ree nts coe Koken, 75 
1,000 acres and above....-...-..- 8) | 5 eee 510) | erceerseeer: (yl ese aeesee 23 
Bet et oe =| yen 58 | Sees EDU artic SOlg ee noses 


Utah County especially shows a large number of farms under 9 
acres; the second group, 10 to 49, contaims more than one-half of the 
farms in this county. The settlement of some of these districts dates 
back to 1848-1850, and as the practice at that time favored the 
smaller units it is not surpiising to find a large number of such tracts 
at present. There is a more uniform distribution throughout the 
various group sizes in Boxelder County than in Utah County. — It 
should be observed that Boxelder County has a much larger land 
area than Utah County, and as a large part of this excess is known 
as dry land, it has made necessary the development of many more 
farms of the larger sizes. The Idaho districts have been developed 
within more recent years, and although there is here also a tendency 
in the direction of the smaller units, farms containing a quarter- 
section (160 acres) are much more common than in the Provo district. 

The small farm frequently is cultivated somewhat more intensively 
than the large farm. Fruit growing is an important enterprise on 
these tracts. Some farmers give attention to the production of 
truck crops. On farms of practically all sizes the supplies for the 
household are not overlooked. Fresh fruit and vegetables are there- 
fore available for the home table. 


RELATION OF BEET ACREAGE TO IRRIGATED AREA. 


Sugar beets can be grown profitably in the region of this study 
only on that part of the farm which can be supplied with water 
artificially. Therefore it is important to know what proportion of 
the irrigated land is occupied annually with this intertilled crop. 
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TasLe IV.—Average acreage per farm, total tillable, irrigated, and in beets, 1914-15. 


Fer cent 

ihe Number | Acres Acres |Acresirri-| Acres of irri- 

District. of farms, |perfarm.| tillable. | gated. | in beets. jee 

beets 
IPTON OS. eget aa ee Pao ines 58 86.55 48.95 41.20 14.36 34.9 
Gar laine i retiy eke ees eR eae Sag melanins 79 | , 104.71 83. 00 44. 04 18. 49 42.0 
Idaho eWallsee sence ae cee cae soe. 36 91.08 78. 54 78.32 20. 40 26.0 
| 


Pracnely all of the tillable area on the farms in the Idaho Falls 
district w so ander urigation. (See Table IV.) About 84 per cent 
of the billable area on the farms in the Provo district was under ditch. 
while the Garland farms showed only 53 per cent. A much higher 
percentage of the irrigated land was devoted to beets at Garland than 
in the case of the Idaho Falls and Provo farms. 


COMPARISON OF FARM ESTIMATES WITH FACTORY RECORDS. 


Hach sugar factory keeps a record of the acres planted to sugar 
beets on each farm. The various tracts are measured by the field 
man, and the planted as weil as the harvested acreage is definitely 
established. At the end of the growing season the product from each 
field is carefully weighed, and the grower is provided with a scale 
record showing the actual tonnage harvested. These figures, com- 
piled by the factory, show not only the yield per acre for each farm, 
but also the average yield for the total acreage harvested. In a study 
of this character it is therefore possible to check the grower’s esti- 
mate on acreage, yield, and receipts for the sugar beet with the actual 
acreage, yield, and receipts as shown by the factory accounts. The 
estimates which obviously contained grave mistakes were discarded, 
and the reliable figures made available for the analytical study were 
used. (See Table V.) 


TaBLE V.—A comparison of growers’ estimates with factory record, average acreage, 
yreld, and return per acre.per farm, 1914-15. 


Acres in beets. Yield per acre. Ces gone pen 
‘fet Number 
District. of farms. 
Ksti- Esti- Esti- . 
matedl Factory. aaa ael Factory. sient. Factory. 
Garland Broth eae einer ea aca 79 18. 49 18.31 14. 85 14. 80 69. 82 68. 66 
SEE Sets eo Uh te as a 58 14.36 14. 70 14. 96 13. 64 69. 40 70. 34 
ldsho Wa TISS em tg ey see ay Uae Ae | 36 20. 40 20.7 13. 62 12. 02 69. 47 61. 40. 


a See Department Bulletin No. 529, ‘The Validity of the Survey Method of Research.’’ 


In the Garland district the average estimated acreage per farm 
was 1.06 acres greater than the factory record. There was not much 
difference in the average yield for the same area, and the cash returns 
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per acre are not far apart. The Provo district shows a very striking 
correspondence in the acreage and cash returns, but there is a slight 
difference in the yield per acre reported by the two methods. The 
Idaho Falls records indicated some variation in the yield per acre, 
and this is reflected in the cash return per acre. Fewer estimates 
were obtained in the Idaho Falls area than in either of the other 


districts. ‘ 
METHOD OF PRESENTING DATA. 


The subject matter in this bullet was prepared in two parts. 
‘The first section deals with the major and minor operations performed 
by the Utah-Idaho growers in producing the 1914 and 1915 beet 
crops. Each operation is treated separately. While the farm prac- 
tice studies as a whole are applicable to 173 estimates, the different 
methods which are described arenot allfollowedonallfarms. Plowing, 
cultivating, and harvesting were operations common to all records, 
but the soil tillage subsequent to plowimg varied considerably. This 
was true not only with such work as harrowing, disking, leveling, and 
rolling, but it was also noticeable in the management of the hand 
labor. In presenting the farm-practice data the district was taken 
as the unit, and the results have been compiled so as to show the aver- 
age crew, average labor requirements, and average cost per acre for 
each of the three areas studied. 

The second part of this bulletin includes a study of the total cost 
of production. Here the total cost of man labor and horse labor, the 
‘total expense connected with the purchase of materials, and all other 
costs, are combined for the purpose of showing the actual cost of pro- 
ducing an acre or a ton of sugar beets on the fields which were culti- 
vated by these growers. The different costs, are distributed over the 
entire beet acreage for these farms. The practice sheets show the 
actual acreage covered, and the labor requirements as well as the 
acre charge are worked out on this basis. When the cost for each of 
these items is charged against the entire beet crop, a lower figure is 
shown. As a matter of fact, the entire crop must bear any expense 
that may apply to a part of the acreage. 


CROP ROTATION. 


The question of rotating the farm crops has been given some atten- 
tion in the Provo, Garland, and Idaho Falls districts. While it is 
true that there are some farms in each area where individual crops 
are grown continuously upon the same land, the value of systematic 
cropping has been recognized in each district, and several fairly defi- 
nite plans may be found in actual practice. Some men are limited 
by the number of crops which may be grown under their individual 
conditions, consequently they do not have an opportunity to give 
the land a change at frequent intervals, Some farms contain dry 
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land as well as irrigated land; the dry land is almost of necessity 
devoted to the production of grain exclusively, whereas the irrigated 
land is set aside for alfalfa, sugar beets, and truck or garden crops. 
It will be seen that this arrangement makes it impossible for some 
of these men to use grain at regular periods in rotation with sugar 
beets. Each crop has its adaptations, and these characteristics must 
be taken into account in planning the work of the farm. With this 
— situation facing the grower, there is a natural tendency to allow sugar 
beets to follow beets upon the same field for several years; likewise, 
the hay crop is not disturbed for a comparatively long period. 

Atfalfa is regarded as an essential crop in all of the rotations which 
were suggested. It is usually seeded along with grain, although 
occasionally it may be started without a nurse crop. After a stand 
has been obtained, the field is cropped annually for periods ranging 
from three to eight years. It is quite a common practice to leave 
the alfalfa for four to five years. Three to four cuttings are made 
per season, and the yields vary from 3 to 5 tons per acre each year. 
Generally speaking, the greater part of the hay is fed upon the farm. 
In the Provo and Garland districts the alfalfa weevil has damaged 
the crop.seriously in recent years. This insect appears to work ex- 
tensively upon the first crop, and if its activity is not checked the 
second crop may be shortened materially. When much damage is 
suspected, cultivation is recommended. ‘This treatment has proven 
to be effective in averting a loss which would otherwise occur.' 

The Provo estimates indicate that alfalfa is grown upon the same. 
piece of land for about five years. After breaking, grain was sown 
the first year on approximately 50 per cent of the farms which were 
visited. In a few cases grain was used for two years after plowing 
up the alfaifa. The sugar beet sometimes follows alfalfa, though 
this is not considered good management, because the alfalfa roots 
interfere to quite an extent with the early cultivation of the young 
beets. The use of grain immediately after plowing up the alfalfa 
gives the grower a chance to subdue the latter crop in part, and the 
soil can be tilled the subsequent season without pulling out or dam- 
aging the sugar beets. The potato was reported in four rotations, 
following grain in three cases, and coming after sugar beets on the 
fourth farm. However, the potato does not figure here as an im- 
portant crop, doubtless because potato diseases have damaged the 
crop appreciably within the last two or three years. The rule seems 
to be to plant beets after a crop of grain, which means the second 
year after breaking, then beet culture is continued for five years or 
more on the same ground. On afew farms the beet has been grown 
continuously for periods of 10, 12, and even as high as 18 years. 


1 Farmers’ Bulletin 741, “Alfalfa Weevil and Methods of Controlling It.’? 
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About one-third of the men who were consulted in this area stated 
that-a definite cropping system had not been adopted as yet, but 
these operators were prepared to give suggestions with reference to 
the length of time alfalfa is allowed to remain down. Continuous 
beet culture appeared to be the practice on this group of farms. 

There is quite a marked similarity between the methods of crop- 
ping that prevail in the Provo and the Garland district. On the 
farms of the latter area the average period through which the 
alfalfa sod remains unbroken is about five years. Planting grain for 
one or two years after plowing up the hay crop provides the con- 
necting link between the alfalfa and the sugar beet. The potato 
enters into the general plan on relatively few farms. The sugar beet 
is the chief money crop, and naturally occupies a conspicuous place 
in the rotation. Fully one-half of the growers in this area reported 
that sugar beets had been grown for five years or more on the same 
part of the farm. This practice is no doubt due in part to the pre- 
vailing opinion that beet land improves from year to year. Many 
growers contend that they are getting better yields now in fields 
which have produced eight crops or more: than they were able to- 
obtain during the first two or three years of their experience. There 
is a tendency to overlook the changes which have been made in the 
methods of culture. The increased yields, if there is such an increase, 
are undoubtedly due to greater efficiency in producing the crop. It is 
not unusual to find beets following beets upon the same field 8 to 12 
years without the introduction of any other crop. Such a system 
invites trouble and consequent shortage in yield through the develop- 
ment of plant diseases or the multiplication of insect pests. <A few 
have recognized the serious possibilities of such a situation and are 
endeavoring to modify this well-established practice. About 33° 
per cent of the Garland records show that a definite crop rotation 
has not been fully established. When apple and other orchards 
are being developed, it is a common practice to ETON sugar beets 
on this inde 

There are portions of the Idaho Falls area where the potato is the 
only cultivated crop and practically no attention is given to the 
production of sugar beets. For these farms a slightly different 
rotation has been evolved. The Idaho Falls rotation, which includes 
alfalfa, potatoes, beets, and grain, is in conformity with the Utah 
method of cropping. However, under average conditions alfalfa 
is broken out at the end of the fourth year and potatoes take the 
place of grain on the newly turned soil. A few operators put in grain 
immediately after breakmg. Potatoes are planted the succeeding 
year. Beets follow beets for two or three years, after which grain 
is sown and alfalfa is established once more. Occasionally potatoes 
are planted for two or three years consecutively after breaking, and 


14 BULLETIN 693, U. S. DEPARTMENT OF AGRICULTURE. 


beets come the fourth and fifth years. This practice did not appear 
to be very common. A few men have used the sugar beet on the 
same field for 7 to 10 years without introducing any other crop. 

The following may be cited as typical rotations for the areas 
surveyed: 


Provo and Garland areas: Idaho Falls area: 
Alfalfa, 5 years. Alfalfa, 4 years. 
Grain, | year. Potatoes, 1 year. 
Beets, 5 years or more. Beets, 2 and 3 years or more. 
Grain, 1 year. Grain, 1 year. 
Reseed to alfalfa. Reseed to alfalfa. 


VALUE OF MAN LABOR AND HORSE LABOR. 


Each farmer furnished an estimate not only of the value of his 
own labor on the farm, but also of wages paid out for regular and 
extra labor. In addition, a record was obtained covering the value of 
horse labor. These rates were tabulated, and the averages derived 
were as follows: 


Man rates and horse rates per hour. 


Bonneville 
Boxelder Utah c 
: ; and Bingham 
area. area. ia 
VE OY eee os sae SL ne cy ea mR 28 2 ae $0. 20 $0. 19 $0. 20 
BE IO) PSE ese is sl ar ea RE ce RR 09 -10 -10 


There is very little difference in the average rates per hour for man 
labor and horse labor in these three districts. ‘The customary rate 
for man labor appeared to be 20 cents per hour, or $2 per day, while 
the usual charge for horse labor was approximately 10 cents per 
hour, or $1 per day. The seasonal variation for the first two dis- 
tricts in 1914 and 1915 was so small that the rates worked out for the 
first season were adopted for the second. This applies to two 
counties in which records were taken for 1914 and again in 1915. 
The value of both man labor and horse labor fluctuates from year to 
year, owing to changes in the rates that are paid. 

The labor requirements of any crop do not change as readily as 
the cash rates per hour or day, hence in discussing the various topics 
included in this paper special attention has been given to the hours 
of man labor and horse labor required for each operation. Beet 
growers are quite familiar with the dollar method of presentation; 
consequently, money values have been assigned in writing this 
bulletin. The labor requirements of this crop are also given. Thus, 
if a change is effected in the labor rates, a few simple calculations ~ 
will enable the reader to obtain the corresponding value showing the 
cost per acre or per ton. 
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FARM PRACTICE IN THE PRODUCTION OF SUGAR BEETS AND RELATED 
COSTS. 


SCRAPING THE FIELD. 


The preparation of the seed bed for any cultivated crop grown 
under irrigation frequently demands some special attention in order 
to insure a uniform and rapid distribution of water when the proper 
season arrives. An uneven surface interferes with the run of water 
and prevents a portion of the field from receiving the amount which 
is required by the crop to produce an average yield. Itis the custom 
in several of these districts to level the cultivated area with a Fresno 
scraper (fig. 2). Ordinarily a few days are spent during the fall and 


Fic. 2.—Typical crews employed in scraping the field preparatory to plowing. This is done for the 
purpose of making the surface level for irrigation. In this study scraping was considered as improve- 
ment work. 


winter months with a team and a scraper at this particular task. It 
was decided to consider this as improvement work, and although a 
small amount of man labor and horse labor is shown on some of 
these records, no charge for scraping was made against the beet crop. 
As a matter of fact, this expense should be distributed through a 
series of years, and this process, if followed, would render the cost for 
a single crop season practically negligible. It may be stated that 
the analysis shows a variation in cost from $1.55 to $2 per acre for 
scraping. Such work merely adds to the farm capital, and any cost 
incident thereto can eventually be applied to the various enter- 
prises cf the farm as interest charge. 
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Farm manure is regarded as an important by-product of the farm 
in the beet districts of Utah and Idaho. Of the men who were 
interviewed, 93.6 per cent had applied manure to the land the pre- 
ceding season and gave estimates of the value of the manure in the 
yards as well as of the total time required to haul this by-product 
to the field. (See Table VI.) It is the general practice to utilize 
practically all of the manure available on the farm, and occasionally 
the operator supplements the home supply by hauling from a near-by 
feed yard or livery barn. Our records show that from one-third to 
one-half of the beet land was treated with an annual application of 
farm manure. Without exception the sugar beet gave evidence of 
direct benefit from the application of manure. In most cases the 
manure was hauled from the yard to the field in wagons and scat- 
tered by hand. In the Provo group the manure spreader was used 
by 41 per cent of the operators. The hauling was done almost 
entirely during the winter and early spring months. There is no 
other work to engage the attention of the farmer at this season of the 
year, which may explain the common practice of hauling with a 
wagon. He has plenty of time in which to complete the task, and 
an investment in a manure spreader has seemed to be unnecessary. 
To the same reason may be attributed the relatively small crew 
assigned to this task. On a majority of the farms this operation 
was done by one man with two horses and a wagon. Where the 
spreader takes the place of the wagon three horses are usually 
employed, and frequently an extra man assists with the loading. 

Farm manure was sometimes applied to the potato land. Sugar 
beets were then grown the following year. The claim is made that 
manure often contains a large number of weed seeds, which germi- 
nate and interfere to a considerable extent with beet culture. If 
manure is scattered on potato land, the noxious weeds appear 
largely the first season and can be eradicated much more readily. 


Tasie VI.— Manurial practice. 


i A Average crew. | Hours per acre. 
Num- me Tons ng Labor 

District. Year. per ot nured oo oer 

records. faa acre. Man. | Horse.| Man. | Horse.| acre. 
Garland tase sees arorer | lola 1d: 74 6.9 20. 2 1.4 2.48 21.5 39.7 $7. 87 
IPTOV0 See eee oe eee 1914-15 54 7.9 17.2 1.4 2.59 21.5 38. 8 7.96 
Tdaho Wallssse2 ess) --- eee 1915 34 10.0 15.5 1.6 2.48 19, 2 34.5 7.29 

: | 


The Garland farmers applied manure to approximately one-third 
of the beet land, the Provo operators slightly more than one-third, 
and the Idaho Falls growers slightly less than one-half. The appli- 
cation of manure varied from 15.5 tons per acre in the Idaho Falls 
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region to 20.2 tons per acre for the Garland farms. Provo growers | 
applied an amount intermediate between these two averages. The 
original estimates were procured upon the basis of the number of 
loads applied per acre, and the operator was then asked to give the 
weight of an average load as nearly as this could be ascertained. The 
tons applied per acre were determined from these two figures. 

There was practically no difference between the Garland and the 
Provo group in the labor requirements for this operation. However, 
as has been pointed out, the rate of application varied. Viewing the 
problem from the latter standpoint, it may be stated that the Gar- 
land operators applied manure at a cost of 39 cents per ton, whereas 
the costs for Provo and Idaho Falls growers averaged 46 and 47 
cents per ton for the respective areas. There was a comparatively 
high labor cost for hauling and distributing manure in the Provo 
district during the year 1915. This was shown in the average for 
34 farm estimates, and it undoubtedly had some influence on the final 
result, which includes the findings for two seasons. It may be ex- 
plained that several of the operators in this area were located some 
distance from the beet field, and considerable time was consumed in 
moving the manure from the corral to the farm. The location of the 
beet field with reference to the farmstead was unquestionably one of 
the factors that had an important bearing upon costs. It was more 
difficult to get the relationship of other factors, such as the size of the 
crew and the method of distribution. 


PLOWING. 


The sugar beet requires a deep mellow soil. To provide this con- 
dition it is necessary to stir the surface to a depth of 8 or 9 inches. 
On the average farm the land was given only one plowing, though 
two plowings are sometimes necessary. Plowing was repeated on a 
few farms in order to bring rough or uneven land into suitable condi- 
tion for planting. In a few cases two plowings were essential in the 
preparation of alfalfa land for beets. Twelve operators in the Gar- 
land group crowned and subsequently replowed alfalfa land for 
beets. Crowning means breaking to a depth of 3 inches, which is 
just deep enough to cut the crowns of the alfalfa plants. It will be 
seen that crowning was a minor operation in this study. . Sometimes 
the field was disked or harrowed immediately after breaking. When 
the alfalfa crowns had dried out completely, the soil was turned a 
second time, the plow being run at a depth of 8 to 10 inches. The 
crowning was done exclusively in the fall of the year. This opera- 
tion was performed mainly with a crew of one man and three horses, 
and the ground was plowed at the rate of 1.7 acres per day. The 
cost was $2.75 per acre for crowning alfalfa. 
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Plowing is an essential step in the preparation of a first-class seed 
bed for beets. Occasionally some of the fields of the farm may be 
left in such condition that it is not necessary to plow in the spring, 
but as a rule this operation is performed by all growers either in the 
autumn or at the beginning of the next crop year. In this investi- 
gation two farmers located at Idaho Falls prepared the land and 
‘planted beet seed without plowing. These were exceptions to the 
general practice. A summary of the plowing practice for the re- 
maining farms will be found in Table VII. 


Taste VII.—Plowing practice. 


Num- | Acres | Average crew. | Hours per acre. Cost 
District. | Year. beri ees per 
records.| farm. | Man. | Horse.| Man. | Horse. | °°- 
Me oe 52S 21 Se aba ze | 
Garant gern see ses cree 1914-15 79] 18.1 1 | aa 5 16.3 $2.47 
(PROVOD aks Meee ees ctes debe 1914-15 58 | 14.3 1 | a 6 18.9 3.03 
Tdaho alistere seer eee ache ee meee 1915 | 35 | 19.62 1 3.5 4.4 14.6 2.34 


Fig. 3.—Fall plowing stubble land in Utah County, Utah. For the Provo and Garland districts this 
operation was performed mainly in the autumn. 


The 1-furrow sulky plow with a 14nch bottom appeared in 108 
farm reports, thus indicating that this type was used very generally 
in these districts. Forty-one records included the 2-way plow, while 
21 reports show that the soil was turned with an ordinary walking 
plow. A minor part of the plowimg was done with two, three, and 
four furrow gangs. The dominant crew consisted of one man and 
three horses. This combination was in evidence on 121 farms. In 
‘contrast with the average figures in the foregoing table, this crew did 
the plowing at a cost of $2.38 per acre at Garland, $2.86 per acre at 
Provo, and $2.19 at Idaho Falls. The horsepower was increased to 
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4 in the case of 38 records. Only a few operators plowed with a 
2-horse team. Idaho Falls growers plowed the beet land at the rate 
of 2.25 acres per day, the Garland operators averaged 2 acres per day, 
while in the Provo area 1.65 acres constituted a day’s work. The 
fact that the soil is fairly heavy may have been responsible for some- 
what slower work in the latter instance. The depth of plowing in the 
three districts varied from 8-to 10 inches. 

At Garland and Provo the plowing was done mainly in the fall (fig. 
3), whereas in the Idaho Falls district this work was done almost 
entirely in the spring. The plowing practice in the latter district 
especially with reference to the time of doing the work may be con- 
trolled in part by the combined potato and sugar-beet harvesting 
operations. Then, too, it may be observed that the Yakima loam is 
not a heavy type, consequently frost action is not essential in order 
to obtain a mellow condition. The majority of the beet growers 
harrowed daily all of the land newly plowed that day; in fact, many 
made a practice of harrowing up to the plow each half day... Under 
arid conditions this plan prevents undue evaporation of moisture; it 
also leaves the surface of the field in much better tilth, and subsequent 
culture can be carried out much more effectively than when the land 
is allowed to dry out before harrowing. 


DISKING. 


In the preparation of beet land the disk harrow was used on rela- 
tively few farms. The Garland group contained only 1 disk- 
harrow record for the year 1914 and 13 records the succeeding season. 
Apparently the climate conditions were less favorable in 1915 than 
1914, hence more work was required to bring the soil to the proper 
degree of fineness, the disk harrow being selected for the extra work. 


' Taste VIII.—Disking practice. 


| Num- | Acres | Num- | Average crew. | Hours per acre. Cost 
Petes = ber of | disked | ber of 

District. Year. inraail per igaes (el ae a aera les 

records.| farm. |disked.| Man. | Horse.| Man. | Horse. | 27° 
sinner | 1914-15 14] 11.86] 2.93 1] 3.93] 2.08] 824] $1.16 
MOORE sete a eee e 1914-15 12} 12.33 2.08 1 3.25 2. 24 7.33 1.16 
Tdaho alls -.._-.._-- Sate 1915 Seon) Las 1.12 1 3. 88 1.74 6.76 1.03 
Provo, lap one-half-..-.... 1915 11} 13.63 1.50 1 3. 36 2.93 9.72 1.53 


The disking was done mainly in March and April, Thirteen out of 
14 Garland growers and seven out of eight at Idaho Falls reported 
crews of one man and four horses, while only 8 out of 23 in the Provo 
district used this crew. Provo also had 14 estimates which reported 
- crews consisting of one man and three horses. It will be observed 
that the records at Provo were divided into two groups. On 11 of 
these farms it was the practice to lap one-half in doing the disking. 
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It was in this group that the maximum cost per acre occurred. 
Under the foregoing conditions the area covered per day with the 
disk varied from 5 acres in the Provo district to 14 acres in the Gar- 
land section. <n 

Occasionally it is‘necessary to give special cultivation in the prep- 
aration of the seed bed. This is true where the soil happens to be 
in poor physical condition, or infested with weeds. (See fig. 4.) 


Fig. 4.—Special summer cultivation on land infested with wild oats. 


LEVELING. 


The leveler is almost indispensable on an irigated farm. It is 
usually a homemade affair, and the original cost should not exceed 
the actual cash outlay for the timber which is used in its construc- 
tion. It is built by placing two long planks on edge in a parallel 
position 7 to 8 feet apart; cross pieces similar in width and thickness 
are set between these two pieces, being adjusted to the proper angle. 
The entire framework is fastened together securely. This device is 
drawn over the plowed ground, usually by four horses. Although the 
primary object is to bring the surface to an even grade, more is ac- 
complished than merely leveling the plowed soil. The leveler serves 
to break or crush many small clods, and in this way assists in pulver- 
izing the surface. In the order of operations, leveling occupied an 
intermediate place between plowing and planting. 
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TaBLe IX .—Leveling practice. 


ps 
Num- | Acres Average crew. | Hours per acre.| Total 
eat : ber of | leveled | Times cost 
District. Wear. farm per |leveled. per 
records.| farm. Man. | Horse.| Man. | Horse.! acre. 
| ————————| 
Garlands. s= see ce ks 1914-15 80 18. 27 52 al 3. 70 1.42 5.18 $0. 75 
EOMOM eae nen sae ee oe 1914-15 57 14. 37 1.39 1 3.09 1.87 5. 60 . 92 
Galo galls’ e226 2 1915 35 | 20.27 | 1.58 1 3. 66 1,28 4.77 .74 


_ Leveling requires a generous supply of horsepower in order to do 
the work efficiently. In performing this operation the dominant 
crew used on the farms studied consisted of one man and four horses. 
Ninety-three reports gave crews of this size, and the distribution 
shows that 57 records belonged to Garland, 14 to Provo, and 22 to 
Idaho Falls. The crew next in size, one man and three horses, was 
found in 23 Garland, 34 Provo, and 13 Idaho Falls records. Provo 
farmers gave nine estimates showing crews with one man and two 
horses. The latter district had the highest cost per acre for leveling. 
An average day’s work with the leveler varied from 7 to 11 acres. 


FLOATING. 


The float is designed primarily to crush clods. It is homemade and 
may be placed in the same class as the leveler. It is constructed out 
of planks lapped one upon another, forming a beveled surface that 
comes in contact with the soil. The average float was about 8 feet in 
width. This homemade affair is often attached to the rear of the 
harrow, thereby pulverizing and crushing the soil in one operation. 
Occasionally the same result may be obtained by fastening a single 
plank behind the harrow. There were only 15 records which dealt 
with floating; 11 of these were obtained at Provo. A survey of the 
practice on the Provo farms indicates that the ground was gone over 
on an average of 1.8 times, with time consumed approximately 1.89 
man. hours and 4.93 horse hours per acre, and cost 85 cents per acre. 
At Idaho Falls the floating was done only once, at an average cost 
of 55 cents per acre. One special clod masher was recorded in these 
studies, the cost with this implement being approximately 39 cents 
per acre for one treatment. 


HARROWING. 


The harrow is an important tillage implement on every farm. 
It is not only used extensively in the preparation of land which is 
to be seeded to grain, but it also plays a very important part in 
the development of a suitable seed for intertilled crops. Two types 
were found in each section—namely, the common spike-tooth harrow 
and the spring-tooth harrow. Estimates were secured covermg the 
use of each of these implements. (See Tables X and XI.) 
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TaBLE X.—Harrowing practice (spike-tooth). 


Acres | Num- , 

Num- hate liber e! Average crew. | Hours per acre. eee 

Distict. Year. fa rowed | times : sa per 

a nd 4 per har- | acre. 

Tecords.| rarm. |rowed.| Man. | Horse.| Man. | Horse. 
Garland: tagcat eee | 1914-15 78| 18.8.| 2.82 1| 3.2| 2.02) 6.39] $0.98 
PROMO eon ee eee nae | 1914-15 50 14.9 DB 1 Dia 6 5.50 1.04 
RdgnHORH All Seeseeeeeeee eee | 1915 34 19.9 3.40 1 3.1 2.2 6. 80 1.12 
| 


The harrowing was done during the months of March, April, and. 
May. Under average conditions the land was harrowed approxi- 
mately three times with implements about 10 feet in width. The 
typical crew consisted of one man and three horses. This size was given 
for 95 out of 162 estimates. A crew of one man and four horses 
was second in importance, appearmg in 35 records. There were 31 
reports which contained information on the use of 1-man 2-horse 
crew. Nineteen of these were in the Provo district. In this area 
about 10 acres were considered a day’s work with the spike-tooth 
harrow. The Garland growers averaged about 14 acres per day, 
while at Idaho Falls 15 acres was the average area covered in 10 
hours. Only a few farmers at Idaho Falls used the spring-tooth— 
a fact which undoubtedly accounts for the greater use of the spike- 
tooth in comparison with the Utah districts. 


Taste X1.—Harrowing practice (spring-tooth). 


Num- | Acres | Num- | Average crew. | Hours per acre. 


ber of | har- | ber of Cost 
District. Year. farm | rowed | times per 
eG per | har. | Man. | Horse.| Man. | Horse.| 2¢T¢- 


ords. | farm. | rowed. 


Garland eee eer 1914-15 35 | 17.9 1. 60 1 3. 48 1.76 6. 08 $0. 90 
IPROVO as ee eee te eee 1914-15 29} 11.05 1.77 1 2. 89 2. 50 7. 20 1. 20 
Idaho Falls...--.--..-..-- 1915 7} 11.40 1.80 1 3. 70 1.74 6. 30 - 98 


Spring-tooth harrowing was reported in 71 farm records, the 
majority of these being divided about equally between the Garland 
and Provo districts. Comparing the work done with the spring- 
tooth with that done with the spike-tooth harrow, it will be observed 
that the fields were not gone over so frequently with the spring- 
tooth. The average width of the latter was about 64 feet. Forty- 
six records gave a crew of one man and three horses. In the Garland 
area 18 reports were based upon a 1-man and 3-horse crew, while 17 
were applicable to a 1-man and 4-horse crew. Provo farmers covered 
about 7 acres per day with this type of harrow, while the Garland 
operators averaged 9 acres. 


GROWING SUGAR BEETS IN UTAH AND IDAHO. Ji3 
ROLLING. 


At Garland one-half of the rolling was done during the early part 
of May. A study of tne records shows that a part of the rolling pre- 
ceded planting by a few days, sometimes coming on the same day 
as the planting. Manifestly the roller was run over the fields at this 
time for the purpose of creating a smooth, even surface for the drill. 
Io order to get straight rows, the driver must see the trail which has 
been left by the marker, and this line can be distinguished most 
readily on a newly rolled field. Under certain conditions, the roller 
may be operated for the purpose of breaking down a cloddy surface. 
Such work usually accompanies other tillage operations, such as 
harrowing and leveling. The roller may be utilized after the seed 
has germinated and the young plants are pushing through to the 
surface. This operation is known as “rolling beets.”” Light showers 
may cause a crust to form on the surface, and if this be permitted to 
develop fully the small plants may have difficulty in reaching the light. 
Under such conditions rolling sometimes breaks the crust and insures 
a better stand. Rolling before cultivation facilitates the latter 
operation, and undoubtedly aids in removing small obstructions such 
as soil lumps that interfere with blocking and thmning. (See Tables 


XII and XIII.) 
TaBLE XII.—Rolling practice. 


Number | Acres Hours per acre. 
F oe. of rolled Cost per 
District. Year. | jee et Fats 
| records. farm. Man. Horse. 
= e 
Aeraisl ati eres erie UE ee 1914-15 | 31 16.8 0.74 1155 $0. 29 
EGIGNS@\. TERE Sys pS ee ee | 1915 6 22.8 - 62 1.47 SH 
| 


Rolling before planting occurred on 37 farms. At Garland the 
beet land was rolled one and one-third times, and 15 acres were cov- 
ered daily at a cost of 29 cents per acre. The crew for all farms 
consisted of one man and two horses. 


TasLe XIII.—The practice of rolling beets. 


Acres Hours per acre. 
Nf 5 
tne 7 Number rolled Cost per 
District. Year. | offarm per ae 
| records. farm. Man. Horse. 

u Bs 
‘Satie! ve 5e3 SSS eee an ASHE Oem sa aie | 1914-15 | 29 16.8 0.71 1.43 $0. 27 
DPR SEL ons GPR oe eee oe ee eee eee | 1914-15 18 13.1 . 69 1.39 227 
EG) 1G) Ge Us a | 1915 12 19.2 | . 62 iad) .20 

| | 


The crews for rolling beets were the same as those used in the pre- 
ceding practice. A day’s work rolling beets varied from 14 to 16 
acres. Thirty-four per cent of the farm records included rolling beets 
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as a part of production. Where rolling follows the thmning, the soil 
is made firm about the young plants, and it is stated by some who are 
familiar with beet culture that this practice promotes growth. 


DITCHING. 


A certain amount of ditch cleanmg must be done annually on an 
irrigated farm. This may include work on the lateral which carries 
water from the main canal to the farm proper, or it may take into 
account the removal of silt and other débris from the distributing 
laterals on the farm. Whatever work is done should be divided 
evenly between those enterprises to which the operation is directly 
chargeable. The sugar beet should bear a fair proportion of this cost. 
- This cleaning does not require much time, consequently the total 
charge for any given farm is small. In some cases the operation 
includes both man labor and horse labor; on other farms the work 
involves hand labor only. Frequently a plow may be used to advan- 
tage in removing the accumulated silt from the bottom of the lateral. 
A V-shaped machine is sometimes substituted for or used after the 
plow. The ditching is usually performed a few weeks before it is 
necessary to make a run of water. In procuring these estimates on 
ditching practice, only such work as the operator applied directly to 
the beets was put into the record. The data with reference to ditching 
were tabulated in two classes, the first including those farms where 
man labor only was involved, the second embracing the work which 
required both man labor and horse labor. Some growers did a part 


of the ditching with man and horse labor and completed the task 


with hand labor only. 

One hundred and forty-five reports contained information relative 
to the use of man labor only in connection with ditching practice. 
A few farmers in the Provo and Garland districts cleaned the ditches 
twice during the season. However, on the majority of these farms 
the work was done but once. The Garland records showed that 2.07 
man hours were expended per acre, involving a cost of 41 cents. 
The Provo estimates gave 1.86 man-hours per acre with an attendant 
cost of 35 cents, while Idaho Falls growers devoted 1.01 hours te 
ditching at a cost of 20 cents per acre. 

Eighty-six records reported on ditching practice with both man 
labor and horse labor. The ditches were cleaned once during the 
season. The man labor varied from one-third to six-tenths of an hour 
per acre, and the horse labor ranged from eight-tenths of an hour to 
1.19 hours per acre. The Garland estimates reported the maximum 
time for this operation, while the mmimum requirement was given for 
the Idaho Falls growers. The Provo labor for ditching was slightly 
higher than that of Idaho Falls. At Garland the cost amounted to 
24 cents per acre; at Provo, 17 cents; and Idaho Falls, 16 cents per 
acre. 


~ 
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COMMERCIAL FERTILIZERS. 


_ These materials are not used extensively in the irrigated districts 
ofthe west. Occasionally this item of cost enters into the farm record, 
but as a rule very few men buy and apply commercial! fertilizers in the 
intermountain country, especially for the improvement of the beet 
land. The records for 1914-15 did not mdicate that any commercial 
materials had been purchased. 


PLANTING. 


In the beet-growing districts of Utah it is customary for the 
factories to own and operate the beet drills. Usually the planting 
is not done by the individual grower, but by some party employed 
by the sugar company to do this work on a number of farms within 
a given area. The men engaged for this purpose usually have small 
farms and are therefore in a position to do some outside work. 
There are several advantages in this arrangement. It is very evi- 
dent that the man who operates a drill for several days in succession 
can do a better grade of work than the man who plants a 6 or 10 
acre tract which requires a fraction of a day or at most not more 
than a full day per year. Furthermore, the small farmer is not 
required to carry an investment in a piece of machinery which is 
used only a few hours each year. A direct charge of 50 cents per 
acre is made to cover the planting and the rent of the drill. Beet 
seed is sold to the farmers at the rate of 15 cents per pound, and 
about 15 pounds per acre are planted. A few growers used slightly 
less than 15 pounds per acre, while some exceeded the standard 
quantity. The farmer hauls the seed from the factory or warehouse 
to the farm. This work is done at a season of the year when the 
fields do not require attention, or is made a secondary feature of 
some special trip to town. The item of hauling seed is cared for 
under the heading ‘‘Overhead charges.” 

The operators who did their own planting gave estimates on this 
practice, and the results are reported in Table XTV. 


TasLe XIV.—Planting practice. 


Number | Acres. Huis per acre: Total 
District. Year. of farm | planted cost per 
records. perfarm. Man | aoe acre. 
“Barri eo Bo ee ee ae ee ee 1915 5 | 22. 80 0. 74 | 1.48 $0. 28 
PRONE e sce de aaa ee SECA Se ae ee eee 1914-15 § |} 21. 38 . 89 1.78 200 
ATG) IRS SSeS SYaee aS Bee eee ere 1915 24 19. 50 - 92 1. 84 sot 


The rows are uniformly 20 inches apart. In each district the 
crews consisted of one man and two horses (fig. 5). It will be noted 
that the estimates for Garland and Provo were limited to a few 
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farms. Sixty-six per cent of the growers at Idaho Falls reported on 
planting. The work was done in the same manner as in the other 
districts. Ten to thirteen acres constituted an average day’s work, 
By comparing the farm rate for plantmg in these three districts 
with the contract price, which was 50 cents per acre, it will be seen 
that the cost was 22, 15, and 13 cents per acre less for the respective 
areas than the contract price for this work. The difference may be 
considered as the charge for the use of the drill. 


Fic. 5.—Putting in beet seed with a 4-row drill. For this operation the crew consists of one man and 
two horses. 


CULTIVATING. 


Intertillage -should begin early. The beet crop is cultivated from 
three to seven times, depending upon soil conditions and area under 
cultivation. Usually all of the cultivation is completed before 
irrigation ; in a few cases the two operations overlapped. Blocking 
and thinning proceed simultaneously with cultivation; however, 
the discussion of hand labor will not be taken up by parts but will 
be considered as a whole. (See Table XV.) 
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TaBLeE X V.— Cultivating practice. 


Num- | Acres ; Average crew. | Hours per acre. Total 
ONS e ber of culti- | Times cost 
District. Year. a vated |} culti- per 
records. sities vated. | yon. | Horse.| Man. | Horse.| acre. 
earl he sk 1914-15 73 | 18.14 3.78 1 1.88 4.24 7.54 $1. 53 
EBVO se coer = t= 2-5 1914-15 58 | 14.36 4. 66 1 1.41 6.98 9. 20 2. 25 
MePtHO RIS =. 2222 - - | 1915 35} 20.30 3.97 1 2. 00 3. 88 7.40 1.52 


Regular beet cultivators were used in these areas. At Garland 
and Idaho Falls the number of cultivations averaged approximately 


Fic. 6 (A).—Cultivating sugar beets with a crew of one man and two horses. This type tills the soil 
between four rows. 


four. The Provo estimates gave an average of 4.6. Sixty-eight 
records in the Garland districts indicated the use of a four-row cul- 
tivator (fig. 6), which was operated by crews consisting of one man 
and two horses. Similar crews were reported in connection with 22 
Provo estimates, and for 34 farms at Idaho Falls. There were 13 
estimates at Garland and 34 at Provo which showed the use of a 
two-row cultivator, the crews in this case being one man and one horse. 
The Provo district had the largest number of two-row cultivators. 
(See Table XVI.) 
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TasLe XVI.—Average time and cost of cultivating with 2 and 4 row implements. 


Crew. 2 Hours per acre. 
Z Nun 2 ae of Acres | Times P Total 
Implement. aS ee lara rec. | Culti- |. culti- |——___| cost per 
Man. | Horse.| ords. | ords. vated. | vated. Man. | Horse.| 2°7°: 


2-row Cultivators cesses eee 1 1 46 Died 11. 29 4.44 ene 7.74 $2.24 — 
4-row cultivator...........-- 1 2 120 72.3} 19.07 3. 87 4.09 8.18 1. 56 


The 4-row cultivator, with its crew of one man and two horses, 
assisted in reducing the number of man hours expended per acre, 
and this in turn was the factor which lowered the total cost per 
acre. It may not be advisable to maintain a 4-row cultivator 


Fic. 6 (B).—Cultivating sugar beets with a crew of one man and one horse. 


for every farm, but it ought to be possible to own and use such a 
cultivator cooperatively. The necessary horsepower is available on 


practically all farms. 
FURROWING. 


Furrowing out is done to open up furrows between the beet rows 
prior to irrigation. There is a striking correspondence between the 
furrowing out and the cultivation practice in these three districts. 
This work is usually performed after the last cultivation. Special 
attachments which take the place of the regular teeth are provided — 
with each beet cultivator. On many farms it is the custom to run 
the water between every other row, alternating with each irrigation, 
and these are the spaces which require special attention at the 
completion of the last cultivation. There are other cases where the 
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water is run between every row. As a rule it is not necessary to’ 
furrow out more than once; however, in these three groups thisnumber 
was exceeded in some cases. Provo estimates averaged one and one- 
half times. Naturally the various types of machines represented 
in cultivation practice appeared again in this work. (See Table 


XVIT?) 


TasLeE XVII,—Furrowing practice. 


N Acres | Average crew. | Hours per acre. 
Nene fur- Total 
District. Year. : rowed cost per 
farm er acre 
records. ea Men. | Horse. | Man. | Horse. 5 
Canlan dere reeaey hehe eee wee vase 1914-15 73 18.14 1 1.85 1.14 2. 05 $0. 41 
2 1914-15 54 14.36 1 1. 44 1.82 2. 43 . 59 
1915 35 20.3 1 2.00 1.03 1.97 - 40 


The size of crew and type of implement were undoubtedly the 
- features which determined the greater expenditure of labor and the 
higher cost for furrowing-out shown in the Provo district. 


IRRIGATION. 


Trrigation, which is the artificial application of water to the land, 
requires only man labor. It has been pointed out that the pre- 
cipitation for Utah is exceedingly light; consequently a crop like 
the sugar beet can not usually be brought to maturity without 
resorting to irrigation. Now and then lands may be found which 
will produce good crops of beets without irrigation, or it may be 
that the crop is carried to maturity with one irrigation only. Such 
lands are usually located so that they receive the benefit of seepage 
water from a near-by canal, or they may obtain the season’s supply 
from an adjacent lake or reservoir. The irrigation season extends 
from June to September. (See Table XVIII.) 


Table XVITI.—Irrigation practice. 


Number} Acres | Number] Man Total 
District. / Year. of farm | irrigated | of times | Hours | cost per 
records. | per farm. |irrigated.| per acre. acre. 


ianlandeiess eas seco woe Ske eek in eS 1914-15 73 17.59 3.71 6. 89 $1. 38 
PROC cau da gee SSRs BOER ies eee eee 1914-15 55 14. 06 3. 89 7.16 1.36 
NOLAN Hall Ss esses aspera te Sejoeisaersse elas - 1915 36 20. 40 4.10 8. 40 1. 68 


The labor requirements for irrigation in the Garland and Provo 
districts were quite similar, and the total cost per acre was approxi- 
mately the same. At Idaho Falls slightly more time was spent irri- 
gating each acre of land, resulting in an increased cost of 30 cents 
per acre. It is possible that the difference in cost may be explained 
by the fact that the Yakima loam did not retain the water as well 
as did the Jordan loam, necessitating a large number of applications, 
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and thereby requiring more time per acre to do this work. (See 
figs. 7 and 8.) . 


BLOCKING AND THINNING. 


Sufficient beet seed is usually drilled in the row to give more plants 
than are required, provided a good germination is obtained. As 
soon as the plants are large enough to distinguish the rows, the 
blocking and thinning are done. The blocking, which means 
chopping out surplus plants with a hoe, leaves small clusters of beets 
10 to 12 inches apart in the row. The thinning, which is done by 
hand, takes out the surplus plants in each cluster, thereby leaving 
the proper number of beet plants in the row. On the small farm the 
operator, with the assistance of other members of the family, does 
this part of the work. The blocking is done with a hoe which aver- 


Fic. 7.—Making openings along the field laterals in order to irrigate sugar beets on portion of field to 
left of large stream of water. A canvas dam may be seen in the foreground. 


ages about 6 inches in width. The small bunches of beets were left 
about 10 to 12 inches apart in the row in the Garland and Provo 
districts. At Idaho Falls the estimated distance was about 14 
inches. The laborer has instructions to leave the strongest and 
most vigorous plants, and these are disturbed as little as possible. 
When this precaution is not observed it usually takes the young 
plants a few days to recover from the setback they receive. A 
perfect stand can be obtained only by exercising care at this stage of 
the cultivation of the crop. 

The handwork with sugar beets may be considered from the 
standpoint of contract labor covering all the items in question, or it 
may be discussed from the viewpoint of the farmer who does a part 
or possibly all of the handwork. The actual cash outlay furnishes a 
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very reliable check on any estimates which may be given by men who 
make a practice of doing their own handwork. (See Table XIX.) 


Taste XIX.—Comparative cost of blocking and thinning. 


Acres 

; Number | blocked | Hours Cost 

District. Year. of farm an per per 

: records. | thinned acre. acre, 

per farm. 

1914-15 32 14.82 21.32 $4. 26 
1914-15 13 9.23 23.43 4.45 
1915 17 11.6 23.72 4.74 


The difference in the labor requirements for blocking and thinning 
in Provo and Idaho Falls districts was exceedingly small. The 
Garland reports placed this requirement more than two hours per 


Fic. 8.—Making a new set in a field lateral. A canvas is laid down in the ditch with the free edge 
toward the approaching stream of water, and soil is thrown upon the canvas for the purpose of 
holding: it in place. 


acre less than for the other areas. The customary contract price for 
this work was $6 per acre at Garland and Idaho Falls and $5 at Provo. 


HOEING. 


The hoeing is done during the early summer months. Under 
ordinary conditions the fields are hoed twice. Where a contract is 
involved, the laborer agrees to keep the field free from weeds. This 
means hoeing the beets twice, and occasionally some weed pulling is 

necessary later in the season. In 1915, 77 estimates were secured on 
the first hoeing, and the average time varied from 9 to 11.5 hours per 
acre, with costs ranging from $1.79 to $2.18 per acre. There were 74 
records for the same season on the second hoeing. The labor for the 
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second hoeing varied from 5.7 to 8.1 hours per acre, involving costs 
of $1.14 to $1.54 per acre. Eleven growers in the Proyo district 
reported on a third hoeing. The labor in this case amounted to 
5.6 hours per acre, with a cost of $1.12 per acre. Weeding was 
shown on 15 records, 13 of which came from Provo. The cost for 
this work was 88 cents per acre. 


TaBLeE XX.—Comparative contract prices for hand labor. 
1 


District. 
Kind of work. MMM Gals aS a 
Garland, Provo.  |Idaho Falls. 


0 $6. 00 


Bilockimetamn diyhimmin ceete secre eck. Lo. ta. 2 2 Se eee eee Ste = $6. 00 $5. 0 

ins tehocin geese eee emeeteecoeo ee: - sac eee A Ede 2. 50 2.5) 2.50 

econ dmhocin cease eee ece eos. esse. 22 Dee se sees 1.50 1.75 1.50 

RoppiuneandsoaGinm gy 2ONS es ae. oes. (= = eee cee ae 7.80 7.20 10.00 
INDIA 5 ck. osesedosees sass 7oee aap yeeenee ac - 2 ean ae ae | 17. 80 16. 45 20. 00 


Certain growers made a practice of doing a part of the handwork 
themselves, the remainder of this labor being done by contract. In 
the Garland and Provo districts several operators contracted the 
blocking and thinning, also the pulling and topping, but most of the 
hoeing was done by the family. The contract prices which were 
paid in these areas varied considerably. (See Table XX.) The 
usual price for blocking and thinning at Provo was $5 per acre, while 
pulling and topping cost 60 cents per ton. At Garland $6 per acre 
was the customary price for blocking and thinning, and the prevailing 
rate for pulling and topping was 65 cents per ton. A few growers 
contracted hand labor on a tonnage basis at $1.65 to $1.90 per ton. 
On the other hand, a few paid a flat price of $21 per acre for a 12-ton 
yield, making provision for a bonus of 50 to 75 cents per ton in cases 
where the yield exceeded the stipulated return. At Idaho Falls the 
general practice included the payment of $20 per acre for a 12-ton 
yield, with a bonus of 60 cents per ton for each increment of 1 ton. 
Where the yield falls below 12 tons per acre, the grower has the 
privilege of deducting 50 cents for each ton below the yield stated in 
the agreement. 

Frequently the topping is done directly from the row of standing 
beets, while in other cases the beets are pulled and placed in piles, 
from which the topping is done. It should be stated that the lifter 
loosens the beet in the soil so that the roots can be taken out readily 
by hand. For some districts the topping, especially when placed on 
a contract basis, included some work loading beets from the field 
piles. The cost per acre at the usual contract rates is somewhat 
higher than the average cost given by the growers who did this work 
themselves. Seventy-seven estimates were obtained on pulling and 
topping practice, and the results are shown in Table X XI. 
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TaBLE XXI.—Topping practice. 


Number | Acres Man 
me 5 Tons Cost Cost 
pepe Year, | oftarm | topped | peracre, | »HOWS. | per acre | per ton. 
Cents. 
Garibingl. see aes nas ae eee 1914-15 29 15. 34 14. 74 23. 48 $4. 70 31.9 
PROVO sae oes SRE eee 1914-15 By) 14.10 14. 82 28. 61 5.44 36.7 
mekdahoyWallse. § oe 23 s2022 252 1915 al 14.10 10.9 27.92 5.58 51.2 


The estimated cost of pulling and topping at Garland was 31.9 
cents per ton, as compared with 65 cents per ton on a contract basis. 
The average estimated cost per ton at Provo was 36.7 cents per ton, 
the usual contract price paid for the same work being 60 cents. 
Idaho Falls growers estimates were 51.2 cents per ton, as compared 
with a contract rate of 83.3 cents, where the yield was 12 tons per acre. 


LIFTING. 


The harvest season begins late in September and frequently ex- 
tends well into the month of November. As the harvest season ap- 
proaches, the field men gather samples of beets from the different 

fields. Laboratory tests on these beets indicate the sugar content 
and the coefficient of purity and determine when the beets are 
ready to pull. The 1-row lifter was used uniformly in these three 
districts. The lifting is done at the same time as the hauling. On 
many farms the operator does this work during the early part of the 
day, enough beets being loosened to keep the toppers busy for the 
remainder of the day. When not employed at this task the lifting 
crew hauls beets to the loading station. On the larger farms it is 
customary to keep one crew busy lifting. (See Table X XII.) 


TABLE XXII.—Lifting practice. 


Num- | Acres | Average crew. | Hours per acre.| Total 
ane ber of | lifted cost 
District. Year. nae per per 
records.| farm. | Man. | Horse. } Man. | Horse. | acre. 
GEE RIG ASS AS area ale a eee 1914-15 69 | 17.99 1 3. 04 4.71 | 14.31 $2. 23 
PROMOS aid 2 oe SO eG ECB B Ree rae aeees 1914-15 56 14. 52 1 2.48 5.98 14. 69 2.61 
NCP ORHAN S sapee eae os Saeeeacs oc 1915 39 | 19.20 1 2. 90 4.66 | 13.48 2.28 


In the Garland district there were 58 reports, based upon crews 
containing 1 man and 3 horses. Idaho Falls growers on 32 farms 
used similar crews. At Provo the estimates were about equally 
divided between 1-man and 2-horse and 1-man and 3-horse crews, 
there being 29 of the former and 27 of the latter. The cost per acre 
was 37 cents greater at Provo than at Garland. For these districts 
a day’s work varied from 1.67 to slightly more than 2 acres. 
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The hauling season coincides with the harvesting season. When 
the latter begins late in September or early in October, the greater 
part of this work will be completed by the end of November. The 
sugar beet is a bulky and heavy product to handle, hence good wagons 
with substantial racks are an important part of the grower’s equip- 
ment. Ample horsepower must also be provided to haul the beets 
from the field to the dump, slicing station, or factory. Formerly 
many of the sugar beets were unloaded by hand, but under present 
conditions this work is done mechanically. When the soil is soft an 
extra team may be required in the field for the purpose of assisting 
the regular crew to haul the loads to a solid roadbed. (See Table 


XXIIL.) 
TasLtE X XIII.—Hauling practice. 


Num- Average crew. | Hours per acre. |-Total 


ae: ber of | cost Cost 
District. Year. na per per ton. 


per 
records.| 2€T€- | Man. | Horse.| Man. | Horse. | acre. 


Cents. 
Garland ssas-s ss ss2css555 1914-15 75 14. 60 i 


1 3.50 | 11.96 | 42.61 | $6.22 42.6 
PRON Oeeeee eon aeee ae 1914-15 58 | 15.10 1 2.93 | 14.35 | 40.20 6. 75 44.9 
Tidaho-Balis: == 28222 -=_ === 1915 30 | 18.50 il 3. 67 8.71 | 31.87 4. 93 36.5 


One hundred and sixty-three farm reports were secured on hauling 
practice. A few growers hired the beets hauled. The price for haul- 
ing on contract varied from 35 cents to 75 cents per ton. The cus- 
tomary price appeared to be 50 cents per ton for a haul of one and 
one-half miles. In the accompanying record this rate varied from 
36.5 cents per ton for the Idaho Falls group to 44.9 cents per ton for 
the Provo group. Forty-three farm reports in the Garland area indi- 
cated the use of one man and four horses in this operation. Prac- 
tically all of the remaiming Garland records were applicable to a 
1-man and 3-horse crew. The Provo reports included 19 crews with 
one man and four horses, 16 with one man and three horses, and 23 
with one man and two horses. At Idaho Falls the usual crew con-— 
sisted of one man and four horses. 

The distance between the beet fields and the loading station 
naturally has an influence on the cost of delivery. It will be seen 
that in marketing a crop like sugar beets, where the yield from 1 
acre weighs 12 to 15 tons, the product of a single acre will require 
several trips with one wagon; andif there is a long haul ahead of the 
operator the cost of handling the crop will be much greater than it 
is on the farm which has a loading station nearby. This relation-— 
ship is shown in Table XXIV. 
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TasLle XXIV.—RKelation of distance from loading station to cost of delivering the sugar 
beet. 


| 
Average crew. 


Number Average 
Group. Distance. weibee Offa | aa aa cost 
records Ane Horse, | Per ton. 
| 
Miles Mics 

ila 2 Poe ee eee eae eee Aeon OSS As s5 255265 0. 93 7: 1 3. 22 $0. 370 
eee as eiaisisciscc ss ccaes ILO ose veseeee ss 22 Besiciave Zeal 62 1 3. 31 - 446 
ere es Pee 2 22. i222 DIL OAee eee eRe Sass 58 3. 93 19 1 3.78 - 550 
(2 See eee OVGIAR oBee eae occc es oe 5.30 3 1 4.00 - 610 


Practically all of the men who gave estimates on hauling are classi- 
fied in the first three groups. By comparing group 1 with group 3, 
it will be seen that the cost per ton was 18 cents greater in the latter 
than in the former. With a yield of 15 tons per acre, this would mean 
a cost of $2.70 per acre above that of the minimum average haul. 


COST OF PRODUCING SUGAR BEETS. 


The cost figures in this summary are classified under three head- 
ings, viz, (1) labor, (2) materials, and (3) other costs. This com- 
pilation covers the total number of acres harvested. These data 
are therefore applicable to the total beet acreage as reported in 79 
Garland, 58 Provo, and 36 Idaho Falls records. The Garland esti- 
mates included a total of 1,461 acres of beets. Provo had 833 acres, 
and Idaho Falls 735 acres. The total cost for each district was cal- 
culated for these acreages. Dividing the total sum of all costs in 
each district by the number of acres grown therein gave the cost per 
acre for each section. The cost of producing a ton of sugar beets in 
the respective areas was determined by dividing the total of all costs 
by the total number of tons marketed. A weighted average is there- 
fore represented in the final result. 


LABOR COSTS. 


Labor comprises operator’s labor, horse labor, and contract labor. 
_ By adding these together the total labor cost for each district was 
obtained. (See Table XXYV.) 


TaBLe XX V.—Labor costs. 


Number | Total 
District. Year. of farm | acresin 
: records. | beets. 


Cost per | Cost per 
acre. ton. 


“Siclbirt) J.) Joc 8 Se bee ae ee 1 ee eee 1914-15 79 1,461 18 $2.71 
Re er | 5 eee see on NL lS} | 1914-15 58 833 38. 08 2. 54 
UF DG) TRIES Soest g 1915 36 735 35. 29 2. 59 


The labor cost for the Idaho Falls area was approximately $5 per 
acre less than the amount reported in the Garland estimates. When 


MoO BULLETIN 693, U. S. DEPARTMENT OF AGRICULTURE. 


reduced to the average cost per ton, the lowest figure was shown for 
the Provo group—namely, $2.54 per ton. It will be recalled that 
the contract rate which prevailed at Idaho Falls was $20 per acre. 
This is 57 per cent of the total labor cost. 


COST OF MATERIALS. 


Cost of materials includes the value of the manure in the yard, 
money spent for the purchase of manure on a few farms, expenditures 
for beet seed, and water assessments. (See Table XXVL ) 


Taste XX VI.—Cost of materials. 


Num- | Total Cost per acre. 
Tae oe ber of | acres Cost 
District. Year. caret in per ton. 
records., beets. |Manure.| Seed. | Water.| Total. 
Sorland Se ee en nee 1914-15 79) 1,461 | $3.62) $2. ay $0.93 | $6.76 $0. 45 
eae eee alana 1914-15 58 833 4°22) 2594 .49 6.95 .46 
ae IDR ee 655 Cae ee ie Baie 1915 36 735 3h Ge | 2.18 1.47 Fale .53 


Manure.—Each grower gave an estimate of the value of manure 
used, thus furnishing a basis for computing the manure charge. 
There was a slight difference in the rate of application for the re- 
spective districts. The Idaho Falls group shows the lowest rate of 
application per acre and the lowest charge. The Garland group 
shows the highest average application of manure, but the highest. 
manure charge is for the Provo area. Itshould be observed, however, 
that the total manure charge was distributed over a relatively large 
acreage in the Garland district. The area manured per farm was also 
less than in the Provo district. 

Seed.—The common practice in these areas was to plant beet seed 
at the rate of 15 pounds per acre. The seed was sold to the grower 
at 15 cents per pound, making a total charge of $2.25 per acre. A 
few farmers in the groups studied used less than 15 pounds of seed 
per acre, the average cost varying from $2.18 to $2.24 per acre. 
These rates are a fraction below the standard charge. 

Water.—The farms in the Garland area invariably showed a uniform 
charge of $1 per acre for water assessments. This group, however, 
contained some rented farms. In such cases the water assessments 
were not paid by the operator, but were included in the rent. With 
these farms eliminated, the average rate is lower than $1 per acre. 
In the Provo district a number of growers obtained their irrigation 
water from artesian wells. This feature had a tendency to reduce 
the number of men who paid water assessments on a given ditch, 
and the rate per acre is consequently comparatively low for this 
area. The average water assessments reported for the Idaho Falls 
district was 98 cents per acre higher than that for the Provo district. 
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The Garland rate was intermediate between those for the other 
areas. Taking all such expenses into account, it will be seen that 
there is very little difference in the three districts. 


OTHER COSTS. 


“Other costs” are charges which apply to the farm as a whole. 
They must therefore be distributed so that each enterprise will carry 
its proper proportion of the general expenses. Such items as insur- 
ance, taxes, interest on land, land rent, machinery charges, and 
miscellaneous expense constitute this list. (See Table X XVII.) 


TasLe XX VII.—Other costs. 


Cost per acre. 
Num : 
ber of | Total (ro Cost 
District. Year. farm in | Zasur- | Inter- __| Miscel- per 
TeC- | beets ance est |Machin- laneous Total ton. 
ords.” | ze and and | ery. c- | eee 
taxes. | rent. | pense. | 
| 
| | 
Garlands. 3-22 2-92.22 22] 1914-15 79 1,461 $1.16 | $16.09 | $3.41 $1.43 | $22.09 $1.49 
IREON OSS ee fe ote ace ccc | 1914-15 58 83: 1.95 | 17.77 3.49 | 1.35 | 24.56 1.65 
Fdshoualls:25 2 = as: 22-2 1915 36 735 1. 67 13.28 | 4.00 1.27 | 20.22 1.48 
= 


Insurance and taxes.—Figures covering farm insurance and taxes, 
and an estimate of the total real-estate investment and the value of 
the beet land per acre, were obtained from each operator. From 
these data the investment in beet land was computed, and from this 
the percentage the beet-land investment is of the total real-estate 
investment. Then, by taking this percentage of the total farm insur- 
ance and taxes, the charge against sugar beets was readily ascertained. 
This method was employed where the operator was the owner of the 
land. Where the operator was a renter, the insurance and taxes 
were usually small. The operators in the respective districts were 
mostly owners. The insurance and taxes varied from $1.16 per acre 
in the Garland area to $1.95 per acre in the Provo section. 

Interest and rent.—Every farm owner has a given amount of capital 
invested in land, and this money should bring a reasonable return 
each year. If the prevailing rate of interest is 8 per cent per annum, 
it will be apparent that a land valuation of $200 per acre should bring 
an interest return of $16 per acre. This interest is chargeable against 
the crop grown upon the land during theseason. Since, on thefarms 
studied, the beet land was given a higher valuation than other lands, 
sugar beets assumed a greater proportion of the interest cost than the 
remaining crop enterprises. Jand rent is directly related to interest 
_ charges; however, it should be observed that the share or cash pay- 
ment not only covers interest on the investment in such land, but 
also takes care of land taxes and insurance. This item was $1.68 
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per acre greater at Provo than at Garland. Idaho Falls growers 
were $4.49 below the highest average interest and rent charge. 

On farms where the greater part of the hand labor is on a contract 
basis it is the custom for the sugar company to advance to the 
operator sufficient money to pay approximately one-half of the total 
cost of hand labor as soon as the thinning and hoeing have been com- 
pleted. The amount of this loan, with interest, is deducted from the 
beet receipts in the autumn. ‘This interest is a part of the cost of 
raising beets, and it has been so charged in this study. 

Beet machinery cost per acre.—In computing the cost for machinery 
it is necessary to consider not only the interest on the original invest- 
ment which was required to furnish field equipment for the produc- 
tion of sugar beets, but also depreciation and annual repairs. A 
part of the equipment used in the preparation of beet land is required 
in caring for other crops; hence the annual charge against these 
implements must be distributed as equitably as possible over the 
enterprises involved. These items were calculated and compiled as 
machinery charge. The method employed in securing the essential 
data in 1914 differed somewhat from the plan which was followed in 
1915. The tormer plan gave a slightly lower charge than the latter, 
and the fact that the records for 1914 were confined to Provo and 
Garland explains in part why Idaho Falls has the maximum machin- 
ery cost. The difference between Garland and Idaho Falls was only 
59 cents per acre. By comparing the machinery charge with other 
costs in this classification, or with the total cost of production, it will 
be observed that the equipment cost constitutes only a minor part, 
and any small modification one way or the other would not appre- 
ciably change the final results. 

Miscellaneous expense.—There are certain other costs which are 
not chargeable to any one enterprise in particular, but have to be 
carried by the whole farm, and a certain part must fall upon each 
enterprise. To make provision for these items a 3 per cent charge 
was assigned on the basis of the labor and material costs combined. 
If the labor and materials amounted to $50 per acre, 3 per cent of this 
sum would be $1.50. The latter would then be counted as a part of 
the total cost of producing the crop. There is a difference of 16 
cents between the Idaho Falls group and the average which was 
obtained from the Garland estimates. 
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SUMMARY OF COSTS. 


Taste XXVIIE—~—Summary and distribution of costs. 


° Percentage distribution of 
| | costs. 
fae | +... | Cost per | Cost per |. : 
District. | Year. | acres aT ; zs re 
ate- ther 
Labor. rials. costs. 
i } 
(eaTAR TIGL 2 20552 ee ne | 1914-15 $69. 03 $4. 65 58.3 9.6 32.1 
IEROChpor cone BIE BECO OE ae eee eee 1914-15 69. 59 4.65 54.4 10.0 35.6 
IGOR ANS Sen eps a Seas ec aecitecia 1915 62. 68 4. 60 56.3 11.5 32.2 


The average yield per acre for the 79 Garland reports was 14.85 
tons; the 58 Provo records gave essentially the same average; while in 
the Idaho Falls district 36 farms showed an average return of 13.62 
tons per acre. The cost per acre was $69.03 for the Garland area, 
slightly more for the Provo farms, and considerably less for the Idaho 
Falls group. There was very little difference in the cost per ton 
in the three areas. (See Table XXVIII.) 

Labor is by far the largest item of expense in producing sugar 
beets. It constitutes from 54.4 to 58.3 per cent, or slightly more than 
half of the total cost. The purchase of materials takes approxi- 
mately 10 per cent of the total amount, while other costs constitute 
about 33 per cent of the entire expense of production. 

After the total costs had been determined these figures were 
compared with the returns from the crop. The total returns include 
not only the amount received for the beets, but also the value of 
the tops. (See Table X XIX.) 


TasLe XXIX.—Average returns and margin above cost in producing sugar beets, 1914-16. 


| Total net 


x | : Net re- | “yeturns 
see Yield per) Received| Cost per | turns 

DESEIGE acre. |peracre.| acre. | beets per |, Per acre 

acre. Pavers 
Tons. 
SaleinGl. oo. 575 coe eh casa ee ace] 50 See eee eS ae 14.85 | $74.40) $69.03 $5.37 $7. 60 
21O a. 0252 Soe hare oo Sea ee | 14. 96 74. 20 69. 59 4.61 6.85 
SBI INBUIS. Joos -eeee eee See Eee eee aa ee 13. 62 69. 46 62. 68 6.78 9.23 


The receipts per acre for sugar beets depend upon the yield per 
acre and the price paid per ton. The yields were almost identical 
for the Garland and Provo sections, but the average for Idaho Falls 
was slightly less. There was practically no difference in the price 
paid per ton in the three districts. 


LABOR REQUIREMENTS. 
The labor requirements in producing sugar beets comprise three 
eroups—namely, man, horse, and contract labor. Since it is a 
general practice to hire certain operations done at a stipulated price 
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per acre or ton, the contract labor is always given in money values, 
In order to obtain the total man-labor requirement for the three 
districts under consideration, this cash outlay for contract work has 
been changed to its equivalent im man hours by dividing through with 
arate of 25 cents per hour. The hours of man labor reported in 
Table XXX represent the total man labor necessary in the pro- 
duction of an acre of sugar beets under the conditions that obtained 
in this investigation. 


TasBLeE XX X.—Labor required in producing an acre of sugar beets. 


Number | 4 creage | Average Hours of | Hours of 
Se Dispmet: of S Bees yield man horse 
records. | 8 * | per acre.}| labor. labor. 
(CAIBRIGL 6 oe osc cons one ee Agee Bat ae ARS SS oo 79 1, 461 14.85 133.3 98.5 
LETO WO is cae ato Hos oon EEE ESE ee eer SES oc 58 833 14. 96 130.8 117.14 
TdahowWallsee sees es Pee ere atest. +s.) ~ See 36 735 13. 62 119. 4 79.3 


The Provo and Garland districts have essentially the same man- 

labor requirements. Idaho Falls operators produced an acre of 
sugar beets with 11 to 14 less man hours than growers in the com- 
panion districts. Itis of interest to note that the contract labor in 
the Provo area was about one-third that of the other areas. The 
major portion of the hand labor at Provo was performed by the 
farmer and his family and, as has been previously pointed out, was 
accomplished at a lower cost than would have been possible if done 
on a contract basis. This practice is feasible only where the farm 
units are small. In the other districts the farms are larger than at 
Provo. 

The fewest horse hours were necessary at Idaho Falls and the 
most at Provo. This difference was due partly to the difference in 
acreage in beets in the different areas. More efficient use was made 
of horse labor on the larger beet tracts. The average acreage per 
farm in beets was 14.36 at Provo, 17.94 at Garland, and 20.40 at 
Idaho Falls. Larger crews were used in the Garland and Idaho 
Falls regions than at Provo, and this had a tendency to reduce the 
horse-labor requirement per acre. 


VALUE OF TOPS. 


More attention is being given annually to a better utilization of 
beet tops. This by-product is considered quite important by many 
growers. Other men attach very little value to them. In view of 
the fact that there is quite an appreciable waste under certain methods 
of handling beet tops, it is not surprising that opinions on the value 
of this feed should vary widely. 

The field estimates in Utah and Idaho dealing with this subject 
can be divided into three distinct groups. On many farms the tops 
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were fed to the live stock owned by the operator. The estimated 
valuation assigned on these farms was based upon the probable sale 
price of feeding stuffs which would be saved when tops were fed. 
Other growers in these districts sold the beet tops to cattle or sheep 
_ feeders, and the estimates in this instance were based upon the cash 
receipts for tops. The third group included those farmers who 
plowed the tops under. A few farms combined two of these methods 
in disposing of the beet tops. The per cent of farm estimates and 
the average value of the beet tops per acre under three methods of 
handling them are shown in Table XXXI. 


TaBLeE XXXI.—Disposition and estimated acre value of sugar beet tops. 


Value Value 
Number Value Per cent 
District. Year. of 5 epcent when | eycrat De plowed poe 
records. fed. sold. under. iden 
Garland Af RM ae 1914-15 79 35 $2. 48 19 $2. 12 32 $1.77 
PBTOVOses 2 fee cake cts 1914-15 58 | - 50 Peal || Sees erie (ee age ae 29 LE Ba 


Idaho Falls........-- 1915 36 61 2.31 3l Pas ys'| | SOR SOE | Saooyeceou 


A much lower estimated value was reported by the farmers who 
plowed under the tops than by the men who fed or sold this material. 
In the Garland district the average cash price received per acre was 
less than the average estimated value. The case was reversed in 
the Idaho Falls district, and the operator who sold obtained a higher 
price per acre than the estimated value which was given by those 
men who fed the tops to their own live stock. 


= 2B CU PER FARM AND YIELD PER ACRE IN RELATION TO COST. 


The yield per acre is an important factor in making a study of 
costs. The number of acres planted per farm also appears to exert 
some influence upon cost of production. (See Table XXXII.) 


- Tasie XXXII.—Costs in relation to acres in beets and yield per acre. 


10 tons or less peracre | 11 to 15 tons peracre | 16 tons and over per acre 


(cost). (cost). (cost). 
Acres in beets. % i is 
um. abs t 

: Per Per Per Per Per Per 

peer acre. | ton. | Perf} sore. | to ee of | acre. | ton 
10 acres or less..............- 12 | $62.59 | $8. 65. 17 | $72.47 | $5.53 29 | $75.70 $4.12 
MU TOSZOTACTCS So See so cance 14 59. 04 6. 69 24 66. 87 5. 01 32 | 71.81 3. 93 
21 acres and over..... foe CRE 8] 60.20 6. 22 18} 64.70) 4.85 19} 70.19 4.02 


Increasing the yield per acre made the total cost per acre greater, 
but each successive increase in yield reduced the cost per ton. It 
would seem that the grower who is producing 16 tons per acre either 
_insmall, medium, or comparatively large tracts can grow and market 
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these beets at a much lower cost per ton than the man who gets only 
10 tons per acre under similar conditions. With greater efficiency 
in a few of the major operations, higher yields would undoubtedly 
result, and this in turn would appreciably increase the margin above 
cost. It may be noted that, with the exception of one subgroup, the 
larger the area devoted to beets, the less the cost per ton for a given 
yield. Where 21 acres of beets and over were grown and a yield of 
16 tons and over was produced, the cost per ton ($4.02) was slightly 
increased by a lower yield per acre than that reported for the pre- 
ceding size group. 

COMPARISON OF BEET RECEIPTS WITH OTHER FARM RECEIPTS. 

A comparison of the income from sugar beets with that from other 
farm enterprises sheds some light upon the importance of this crop, 
especially in the Provo and Garland areas.. The information which 
was obtained upon the subject deals only with the crop year 1915. © 


The average receipts per farm and the distribution of these receipts 
were obtained from 113 farms. 


TaBLE XX XIII.-—Beet receipts in comparison with other farm receipts. 


Per cent of total receipts from— Per cent | Per cent 


Average |__ eet receipts 
Nome total receipts from 
District. aren receipts rv atten Ble ot potatces 
: per ive iscel- , tota: are 0 
records. farm. Crops. stock. | laneous. Beets. crop total 
receipts. | receipts. 
PRrOVOr cscs hese Seeks 37 $2, 542 54.1 43. 4 2.5 41.8 (HOM Greases s- 
Garland.........-.--- » 40 2,471 70.1 25.1 4.8 44.5 6355) |beeeeeerre 
Idaho Falls.........- 36 4,873 64.8 34.1 1.1 29.4 45.3 24.4 


A glance at Table XX XIII will show that the farms in these three 
districts were essentially crop farms. Approximately two-thirds of 
the returns from crops in the Provo and Garland districts came from 
sugar beets. This enterprise produced more than 40 per cent of the 
total farm receipts in the same areas. The lower returns from beets 
in the Idaho Falls section are due to competition with the potato. 
The receipts from potatoes and sugar beets combined were 53.8 per 
cent of the total receipts. The receipts from live stock in the Provo 
area came from dairy products, while at Idaho Falls these receipts 
were secured from sheep feeding. 


RELATION OF YIELD TO COST OF PRODUCTION. 


The accompanying frequency curve (Fig.9) shows the distribution 
of the operators in these three districts on the basis of cost per ton 
in producing beets. . 

It will be seen that the 173 operators who gave estimates may be 
divided into two groups, each including about an equal number of 
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men. There were 89 men who produced sugar beets at a cost of 
$4.50 per ton or less, while 84 men raised sugar beets at a cost of $5 
or more. The average cost for all farms was $4.64 per ton. The 
factories in these two districts paid from $4.85 to $5 per ton for 
sugar beets during the years 1914 and 1915. 

It may be well to repeat, for the sake of emphasis, that the growers 
who produced the highest average yield per acre had the lowest cost 
per ton, whereas the men who obtained the lowest average yield had 
the highest cost per ton recorded against the crop. The yield per acre 
has a direct bearing upon the cost per ton. 

On practically every farm there are places where the field work 
can be put upon a more efficient basis. Every grower is willing to 


16.66 14.93 14.87 12. 10. 10.38 1.55 


Fic. 9.—Frequency curve showing distribution of operators on basis of cost of beets per ton. 


concede that some slight change in present operations would probably 
be a step in the direction of greater crop yields. It has been pointed 
out that the sugar beet is not always grown in the regular cropping 
system. Continuous culture may, therefore, be holding down the 
yields; in other cases, a lack of fertility may be the controlling factor, 
although in all of these districts nearly every grower gave consid- 
erable attention to the application of farm manure. Inadequate 
preparation of soil or careless seeding may give poor stands. This 
precludes the possibility of a good yield. Furthermore, the blocking 
and thinning may be done in such a way as to interfere seriously 
with the stand. These are points which should be kept in mind 
throughout the season, and if there are weak places in the present 
methods of farm management, these should be corrected as far as 
possible. 


PUBLICATIONS OF THE U. S. DEPARTMENT OF AGRICULTURE RELAT. 
ING TO THE PRODUCTION OF SUGAR BEETS, 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION BY THE DEPARTMENT. 


Profits in Farming on Irrigated Areas in Utah Lake Valley. (Department Bulletin 
No. 117.) e. : 

‘Loss in Tonnage of Sugar Beets by Drying. (Department Bulletin No. 199.) 

Lieafspot: A Disease of Sugar Beets. (Farmers’ Bulletin No. 618.) 

Control of the Sugar-Beet Nematode. (Farmers’ Bulletin No. 772.) 

Sugar-Beet Sirup. (Farmers’ Bulletin No. 823.) 

The Use of Windmills in Irrigation in the Semiarid West. (Farmers’ Bulletin No. 
866.) i in s 

Curly-Top of Beets. (Bureau of Plant Industry Bulletin No. 181.) 

Conditions Influencing Production of Sugar-Beet Seed in United States. (Separate 
503 from Yearbook 1909.) 


PUBLICATIONS FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, GOVERNMENT 
PRINTING OFFICE, WASHINGTON, D. C. J : 


Sugar-Beet, Culture, Seed, Statistics, etc. (Farmers’ Bulletin No. 52.) Price, 5 
cents. ; * 

Sugar-Beet Growing Under Irrigation. (Farmers’ Bulletin No. 567.) Price, 5 cents. 

Sugar-Beet Growing Under Humid Conditions. (Farmers’ Bulletin No. 568.) Price, 
5 cents. 

Development of Single-Germ Beet Seed. (Bureau of Plant Industry Bulletin No. 73.) 
Price, 10 cents. 

Curly-Top Disease of Sugar Beet. (Bureau of Plant Industry Bulletin No. 122.) 
Price, 15 cents. 
American Beet-Sugar Industry in 1910 and 1911. (Bureau of Plant Industry Bulletin 

No. 260.) Price, 25 cents. Peers 
Biochemical Study of Curly-Top of Sugar Beets. (Bureau of Plant Industry Bulletin 
No. 277.) Price, 5 cents. 
Comparative Tests of Sugar-Beet Varieties. (Bureau of Plant Industry Circular 
No. 37.) — Price, 5 cents. 
Progress Report of Beet-Sugar Industry in United States in 1909. (Report No. 92.) 
Price, 10 cents. . 
Analyses of Sugar Beets 1905-1910 With Methods of Sugar Determination. (Bureau 
of Chemistry Bulletin No. 146.) - Price, 10 cents. 
Report of Irrigation Investigations in Utah. (Office of Experiment Stations Bulletin 
No. 124.) Price, 90 cents. 
Trrigation in Idaho. (Office of Experiment Stations Bulletin No. 216.) Price, 15 
cents. 
Utilization of Residues from Beet-Sugar Manufacture in Cattle Feeding. (Separate 
137 from Yearbook 1898.) Price, 5 cents. 
Relation of Sugar Beets to General Farming. (Separate 320 from Yearbook 1903.) 
. Price, 5 cents. : 
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OBJECT OF STUDY. 


The basic data here presented were obtained in a survey of 300 
owner farms and 153 tenant farms, located in Lenawee County, Mich. 
Later this work was supplemented by a special study of the more 
valuable farm practices of the region, special crops grown, and indi- 
vidual farms of. more than ordinary merit. 

The objects in view in conducting these investigations are in part 
as follows:! 

(1) To obtain, through a close study, knowledge of some of the 
details of successful farming in an area typical of the northern edge 
of the corn belt. | 

(2) To determine the more important factors in the profitable 
management of the farms of this region. 


1 Acknowledgment is due Mr. E.. H. Thomson, assistant chief, Office of Farm Management, for selecting 
the area and planning the work; to Messrs. J. I. Falconer, L. G. Conner, H. M. Doyle, J. H. Hamilton, 
E. L. Moffit, and D. L. Cottrill, who assisted in collecting field data; and to H. W. Hawthorne, H. F. 
Williams, and J.C. McDowell for assistance in the preliminary work. Thanks are also extended to the 
many farmers of the region who have given the information which has made this publication possible. 

The preliminary and basic data for this bulletin were gathered in 1912 and cover the farm year of 1911. 
It was planned to follow with a similar study five years later. In view of the abnormal conditions brought 
about by the war it has seemed more feasible to publish the findings as based on normal conditions. The 
basic data presented are supplemented with additional information gathered recently. : 
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(3) To gather information regarding some of the more valuable 
farm practices in vogue on the better farms of the region and to sug- 
gest ways of improving the organization and management of the less 
successful farms in the light of the facts thus brought out. 


SUMMARY. 


The agriculture of Lenawee County has passed tnrough several 
important changes but at present has become well established along 
the lines of general or diversified farming and dairying. 

General farming with a limited amount of dairying is on the aver- 
age the type most easily made profitable of those so far developed 
in the area studied. 

Specialized dairy farms apparently pay better normally than dairy 
and grain farms, but on the average do not pay so well as the combi- 
nation of dairying and hog raising. 

Dairying, with hogs and grain, usually yields a better labor income 
than any other combination found. The outstanding advantages of 
this type as compared with others are a greater diversity of income, 
a large percentage of receipts from the sale. of live stock and live- 
stock products, and a comparatively small percentage of the income 
from the sale of crops. 

The types of farming established and the general conditions which 
prevail make the size of the farm a very important factor bearing on 
the returns secured from farming in this region. There is also a 
direct relation between the amount of capital invested and the labor 
income of the operator. 

The 66 owner farms studied, with 60 acres and under and aver- 
aging 45 acres in area, made an average labor income of $277; the 
group of 124 owner farms from 61 to 100 acres and averaging 84 
acres in area, Made an average labor income of $445; and the group 
of farms of over 160 acres, averaging 223 acres in area, Made an aver- 
age labor income of $1,047. This shows the influence in the size of 
business as measured in terms of the size of the farms. 

Sixty-seven farms, with an average investment of $4,850, made an 
average labor income of $276; 54 farms, with an average investment 
of $12,813, made an average labor income of $488; and 31 farms, with 
an average investment of $27,124, made an average labor income of 
$1,139. This shows the influence of the size of business as measured 
by capital invested. 

Crop yields and the quality of live stock kept are two very impor- 
tant factors in efficient farm management which show a marked 
effect in the profitable management of the farms of Lenawee County. 
The quality of dairy cows or the income per cow is especially impor- 
tant on farms which are devoted largely to dairying. 
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A study of the relative percentage of acreage devoted to the prin- 
cipal farm crops indicates that under normal conditions there should 
be an increase in the acreage of corn on the average farm of the 
region. The average acreage of oats, wheat, barley, and hay are well 
within the limits shown to ie most Pra ble. 

Lenawee County is primarily a live-stock section and on most farms 
a greater percentage of the income is derived from the sale of live — 
stock and live-stock products than from the sale of crop products. 
However, with but few exceptions, the better organized and more 
profitable farms of the section continue to receive from 10 to 30 per 
cent of their total income from the sale of surplus crops. 

Corn, oats, wheat, and hay are the principal farm crops of the 
region. Of the special crops, alfalfa is by far the most important. 
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Fic. 1.—Location of the area studied (shaded portion of map). 


This crop is rapidly gaining favor, and is found in small acreages on 
most farms of the section surveyed. Soy beans do well on all the 
soils of the county. This crop could be made valuable in the winter 
feeding of hogs and for starting feeder lambs in the fall. Cowpeas 
are especially suited to the sandy soils of the county. 

In Lenawee County men with a capital ranging from $1,000 to 
$7,000 make better labor incomes by renting farms than by owning 
them. No tenants were found with a capital over $7,000, but up to 
this point the data show considerable advantage for the tenants as 
compared with men with an equal capital who own their farms. 
This is largely due to the fact that the rented farms are larger than 
the corresponding owner farms. The tenant with all his money used 
as working capital can conduct a larger business than he would be 
able to do if the same capital were divided between real estate and 
working capital. 
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DESCRIPTION OF AREA SURVEYED. 


The area selected for this study is typical of a comparatively wide 
section of south central Michigan, a part of northwestern Ohio, and 
northeastern Indiana. It presents conditions which exist generally 
in that region situated on the northern edge of what is commonly 
known as the corn belt proper. The region in general is well devel- 
oped in growing general farm crops, dairying, and the production of 
live stock. (Fig. 1.) 

AGRICULTURAL DEVELOPMENT. 


Lenawee County was one of the first counties in Michigan in which 
agricultural development started. The tide of immigration into this 
part of the State began on a large scale in 1836. From 1836 to 1860 
the agricultural development of Lenawee County was rapid, and 
since that time it has been very satisfactory. Statistics show that. 
there were 3,251 farms in Lenawee County in 1880, and that m 1910 


Fig. 2.—Typical farm scene, Lenawee County, Mich. 


this number has increased to 5,334. The county in general now has 
every evidence of a prosperous agricultural section. (See fig. 2.) 

During the early period of development oxen were quite generally 
used for practically all kinds of farm work. ’In 1860 there were 2,247 
work oxen in the county, but by 1900 oxen had been entirely dis- 
placed by horses. During this time large numbers of sheep were. 
pastured on the cheap, partially developed land, which greatly 
increased the farm income and materially assisted in the process of 
land clearmg. The sheep industry in Lenawee County appears to 
have reached the high-water mark in 1880, at which time there were 
116,508 head of sheep on the farms of the county. The following 
figures taken from the United States census show the rise and decline 
of this industry in the county from 1860 to 1910: 
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Sheep 

Number 
LES) est eee et es i PS a 89, 929 
STOR se 2 PASSED SAAN OR Pe eA SPN | Ae Reena Ia PI Mamet, Ne OVE oy 112, 653 
Eee eae yar a nee er eae gery. 1, 2 RRS SST Aa tSEh i Sp) dene 116, 508 
ee Per a2. do ole aS ssa 2 2 hyp. ee SN ei Ek foe 2 110, 446 
USD eo ccc eset Serie Sette El OS re el CR ee een oat een 103, 369 
LOLs once see eet Se el ee ee ee coe 5) Se ea ee ee 90, 654. 


While land in general was low in price in Lenawee County, small 
erain, especially winter wheat, was grown on a large scale. Although 
wheat is still grown on a comparatively large acreage, the increased 
price of land has made more diversified farming a necessity. The 
period of the greatest wheat production in the county was between 
1870 and 1890, reaching the highest mark in 1880, as is shown in the 
following figures taken from the United States. census: 


W heat. 
Year. Bushels. Year. Bushels. 
A. n>. ren Png | DS ee <a a Renna at | 719, 668 
Toren eo ors. 685000: || 1 GOO Merete ete 2 ae sean ee Deo 321, 670 
526, 628 


Se Conan She ee a ihae 1, 251, 479 | 1910 Meee aes: ele UR we 


Two once thriving industries, tobacco growing and hop produc- 
tion, practically have been abandoned. In 1860 Lenawee County 
produced 25,602 pounds of tobacco, and in 1880 this had fallen to 
6,863 pounds. Now there is no commercial production of tobacco 
in the county. In 1870 the hop production of Lenawee County 
was 16,872 pounds, and in 1890 it was 3,500 pounds. This industry 
has since been apparently abandoned altogether. 

The principal developments have been along the lines of general 
and diversified agriculture. The large holdings which predominated 
when the county was new have been broken up into farms of medium 
size. There has been a gradual and almost constant increase in 
corn, hay, hogs, and milch cows from 1860 up to the present time. 
This is shown by the following figures: 


Production in Lenawee County, Mich. 


a ; ra ‘“Milech 
Year. Corn. Hay. | Hogs. RTS. 
_ | Bushels. Fons. | Number. | Number. 

Et ERD Hens Sos tae o.oo = Be i hale ee a ai a eat a ce os eee ea 1, 213, 311 47, 396 24, 762 11, 235 
LIT ne SSS. 08 Se ee ee ER 964, 306 68, 332 25, 332 15, 772 
US. oa. ods EA BRE Bae i ne 1, 759, 467 67,944 62, 045 18, 943 
anit) Een iy = SP At eS eee FS PPFD oes pk cage 1, 480, 124 89, 442 67, 421 18, 943 
et) ean EET eet hy fo 9,2 cl ie one EM wie Linn a tie ee 2 Se 2, 053, 197 86, 387 63, 549 19, 519 
US de htc ene Bene eae See eee SE REE eo 3, 053, 197 117, 132 77, 368 25, 924 


These figures show at a glance the trend of agriculture in the 
county. It is plainly evident that developments have been in the 
direction of stable and conservative farming. 
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Road building in general has not reached as high a plane in Lenawee 
County as has agriculture. The average road of the county is only fair. 
There is now a general awakening to this fact and a few miles of 
first-class road have been built. In almost all parts of the county 
there is an abundance of gravel suitable for road building, which 
should assist greatly in the construction of good roads. 

Rapid progress is being made in agricultural development. The 
county recently employed a county agricultural agent to assist in 
the solution of farm problems. Farmers’ organizations are well 
represented. Granges, gleaners, agricultural clubs, and farmers’ 


Fig. 3.—‘‘ The soil in general is well adapted to the growing of small grains and corn.”’ 


institutes are putting forth considerable effort for the general better- 
ment of agricultural conditions in Lenawee County. 


SOILS AND TOPOGRAPHY. 


Most of the soils in the area surveyed are of glacial origin and 
very similar in nature to those which predominate throughout 
south-central Michigan. Similar soil also extends over into north- 
western Ohio. The surface soil generally varies from a heavy silt 
loam to-a clay loam. The subsoil is usually a clay or clay loam, but 
in local areas more or less gravel and occasionally some sand occurs. 
Viewed from the standpoint of farm land, a general uniformity of 
quality prevails. As a rule, the area is gently rolling, with good 
natural drainage and very productive. The soil in general is well 
adapted to the growing of small grains and corn and gives rise to 
conditions which are conducive to general farming. (See fig. 3.) 

In the southeastern part of the county, however, the soil conditions 
are very different from those just discussed, and the results of this 
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survey apply to this part of the county only in a general way. This 
section is a part of an old lake bed and naturally is very productive. 
_ The topography is very level and drainage has been difficult. Exten- 
sive systems of tile drains have been necessary in bringing most of the 
land under cultivation. Lying between this lake-bed section and the 
area surveyed more or less sandy land occurs, which corresponds 
generally to former shore lines. These sandy soils produce good 
crops during years of average rainfall. 


AGRICULTURE OF THE AREA. 


The agriculture of the area is general in nature. There is little 
tendency toward specializing on any one enterprise to the exclusion 
of others. General farming with reasonable amounts of live stock is 
the type which usually prevails. The organization of the average 
farm of the area includes most of the standard farm crops of the 
eastern half of the corn belt in fairly equal proportions, together with 
dairying and hog raising. In addition to the sale of live stock and 
stock products, considerable income is secured in this area from the 
sale of cash crops. Thus in this section there has been developed a 
well balanced and diversified agriculture. 


DISTRIBUTION OF FARM CAPITAL. 


In Table I is shown the distribution of capital on the owner and ten- 
ant farms covered in thisstudy. The average investment on the owner 
farms in this area was nearly $12,000. Of this amount three-fifths 
was in land and one-fifth (22.6 per cent) in buildings. The dwellings 
averaged $1,311 and all other buildings $1,342 per farm. The rest 
of the farm investment was divided between live stock, machinery, 
feeds, and other supplies, of which about $1,261 was in live stock, 
$398 im machinery, and $393 in feeds, miscellaneous supplies, and 
operating cash. 


TaBLeE |.—Average capital and its distribution on 300 owner farms and 153 tenant farms, 
Lenawee County, Mich. 


Capital per farm. 


Share-rent farms. Cash-rent farms. 
Owner | ; 
, ) Land- 1.| Land- 
farms. | Total.a Tenant S| jlord’s | Total.a Tenant S| Jord’s 
; share. - | share, 
INVETAPCICADIVAL 922 = me ts $11,756 | $14,521 $1,506 | $13,015 | $10,827 $1, 765 $9, 062 
Per cent of capital invested in— 
iO! ede cSaSe ee eH ean Eee 60. oH By fil (im asosood 7G ik (Es easeeeene 73.7 
HD VOLINOS epee oe aL se Yo! 11.2 9.9 | casa 11.1 AS ON Ae eee eee 155 
Otherpuildings: = 25.2.2. _- 11.4 10.'8:|- 2 Soe 12.9 fest) | See ee te 10.8 
Livs SHO C kane oy aay aie Ses 10.7 9.7 59.3 4.0 10.5 6426) 24oa eee 
MACINITIOHY=ee one a=. 3.4 2.8 25.8 sil 383) LORS Le eae ee 
Feed, other supplies, and | 
ASHE Meee oe eae cae S 3.3 3.1 14.9 1.7 2.6 | IN ihe eas yal oe 


a Capital of tenant farms includes both that of the tenant and the landlord. 
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The investment on share-rented tenant farms averaged nearly 
$3,000 more than on owned farms. The value of real estate per acre 
was practically the same on both owner and tenant farms. These ° 
share-rented farms have an average of 31 more acres per farm than 
the owner farms. There is no great variation in the distribution of 
capital on these farms from that on the owned farms. The landlord 
shares a part of the live-stock investment on all share-rented farms. 
The cows and hogs are usually shared equally, but the relative shares 
of each other class of live stock vary somewhat on each farm. 

The cash-rented farms averaged 2 acres less in size than the owned 
farms, and the value of real estate per acre $5 less. 


UTILIZATION OF LAND. 


The area under discussion is well developed, the farms are well 
improved, and most of the land is utilized to good advantage. As 
will be seen by Table II, an average of 90.2 per cent of the total area 
of all the farms studied is improved land, only 2.9 per cent being 
_ woodland, and 6.9 per cent classed as other lands, which includes 
roads, fence rows, and waste lands in general. An average of 74.2 
per cent of the total farm area of these farms is tillable, and 56.3 per 
cent is in crops. The table shows, further, that an average of 33.8 
per cent of the total area of all the farms studied is in pasture. This 
acreage is made up of 10.6 per cent rotation pasture and 23.2 per cent 
permanent pasture, 7.2 per cent of the latter being tillable. As.a 
rule the farms of different sizes show no material difference in these 
items, hence only the averages are given and these are for the entire 
number of farms. 


Taste II.—Utilization of farm area on 300 owner farms and 153 tenant farms, Lenawee 
County, Mich. 
INS GOTERECS SIV Oa gs eR Pres eS) 2 os hs 2 a eee See acres.. —112 


Percentage of total farm area in: 


ADIN] oS eRe 2 hake Sh Sth ee nae ae NEN PES 70-1 ae ORR i, NAG ER re aA 74.2 
(Cit ODE Tad Spay 3 EAR Yas pac ce tT ny Rs ERD oye 56.3 
all eycernoy oh i c\a ke eee = nn eenppeEScla  os caee ek I iene ais ie Ie Oe ull 
Pyslotolapashinescas sees ys eae hig eis DME ean AGAR gd any aaah ah a 33.8 
FROtabIoME pastimes. 8 he hes Reg NS 2 baie J ON See ee 10.6 
Rerman em types tunes ce - 2088 5s: 02a iys tp ame tre es es pes Peete lye meee Dane 
Permanent pasture: tillable:.<:. 32 Wseeeee me ot So boeken e 7.2 
Mota leon proved Wands... 22 2.5 seen gees eye ae pire A ee eee 90.2 
iWioodilamn cern srm as 8 Ps a8. AS 2s Re Bae ee re rere ee BY) 
(Othe Tees T earn CA are ie i oe te a Ree 6.9 
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TasLe II1.—Distribution of crop area on 300 owner and 153 tenant farms, Lenawee 


County, Mich., as compared with 1910 census figures for entire county. 


Percentage of total crop | Percentage of total crop 


area. area. 
1910 United || 1910 United 
Crops. 459 farms | States cen- || Crops. 453 farms | States cen- 
Spel. || SES data for | Simeweni. [SES data for 
Or ea all farms 7" | all farms 
in county. || in county. 
@orntorierain®: a 222 22.22 Pi GO ds ia Oats Se auc Pieces: 17.5 20. 0 
Corn for Silage....--.-.--. QRH Wales eos cas 3 iBarleyaer set toes es ae 2.0 2, 
Other corns 2225-25225 es epee cee Pee Othereraimass es ro 50) .8 
BY Peper eens: seeie soe 28. 8 30. 8 
Total corm--.---:--- 29.5 28: G)/| |e Asbteal Tega eer eee ater = 1.6 4 
: Otheriiiay Cee eee oe 1.0 2.0 
TEGLREY HOES eee ee en ma 6 TRG Mint lice Saeed Sil sects al .9 
Winter wheat........----| 14.2 8.:7' | || SRBUI eee omc es coamce see 356) P27 
Spring wheat.......-.---- BEN eters es eeerece 


Average crop area, 56 acres. 


a {Includes speltz, oats and barley, rye, buckwheat, oatsand peas, peas and beans, clover and timothy seed, 


b Millet, oats and peas, oat hay, barley, sorghum and rape. 


Tasie LV.— Yields of crops on 300 owner and 153 tenant farms, Lenawee County, Mich. 


| 
ee | ee | Potatoes.| Wheat. Oats. Barley. Hay. 

| | 
: Bushels, Tons. | Bushels, | Bushels, | Bushels, | Bushels. | Tons. 
OnpnenmtianmSie .--.- 25. 2-2252-- 54 | 10 85 23 40 24 | 1 
Share-tenant farms-......-.-.-- | 54 10 | 86 21 41 | 25 1 
Cash-rent farms...............-- | ill eee Pe 82 | D2) 5 | 138 22 1 


Table IV shows the average yield of the principal crops grown in 


this area on farms operated by both owners and tenants. 


IN INCHES 


ey | ae oR 
ped tee 
od 


—————_10 YEAR AVERAGE FROM 1904-1914 (Data for /908 incomplete, not used ) 


mecee |S}! 


Fic. 4.—Rainfall in Lenawee County for year 1911, as eompared with 10-year average (1904-1914). 


PRECIPITATION 


A comparison of the yields recerved upon the owned and share- 


rented farms shows only a slight advantage to the share-rented farms 
The cash-rented farms are producing the lowest yields. 


The rainfall for the year 1911, as compared with the 10-year average 


(1904-1914), is shown in figure 4, 
55504—18—2 
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CROPS. 


Hay and corn lead all other crops in area, the former on the average 
covering a slightly greater acreage than the latter. On the entire 
number of farms studied hay crops occupy an average of 31.5 per cent 
and corn 29.5 per cent of the total crop area. The oats crop is third 
in importance, occupying 17.5 per cent of the total crop area, with 


TOTAL 
CROP AREA 


ACRES 
PER FARM 


HAY 


CORN 


OATS 


WHEAT 

FRUIT 

BARLEY 

POTATOES 

RYE ' MB TIMOTHY & CLOVER & ALFALFA © OTHER HAY 
2 GB GRAIN SILAGE =] o, CORN 


3 MB WINTER WHEAT SPRING (=) 
4 @™ APPLES OTHER FRUIT © 


Fig. 5.—Acreage of the more important crops, 300 owned and 153 tenant farms, Lenawee County, Mich. 


wheat fourth, occupying 14.9 per cent. A number of other crops are 
grown, but none is of great importance. Table III shows the dis- 
tribution of the various farm crops on 300 owner farms and 153 tenant 
farms in Lenawee County. It likewise shows the same data as gath- 
ered on all farms of the county in the census of 1910. It will be 
observed that mm a general way the data correspond very closely. 
Figure 5 shows graphically the percentage of the total crop area which 
each crop occupies and the average per farm on these same farms. 


TaBLE V.—Distribution of live stock on 300 owner and 153 tenant farms, Lenawee 
County, Mich. 


Aver- | | Aver- 
Aver- age Per | Aver- | age Per 
age ani- | cent of age ani- | cent of 
Class of live stock. num- | mal total Class of live stock. num- |} mal total 
ber per} units | animal berper| units | animal 
farm. per units. farm. per | units. 
farm. farm. 
COWSt ete cote encore 8.4 8.4 SS 7elEOrseS ase tee ce scoot esos | 3.4 | 3.4 ila 7/ 
Nouns stocker pes seee 2.6 1.3 GEOh PSheepeyes2ee- 6 ---e eee 12.5 | 1.8 8.3 
TUS Bae see ee Bee ais 4 A 1.8 || Feeding sheep... 4.7 | aif 3.2 
Beef stock and feeding Brood sows. - --- 2.3 .5 2.3 
StGEISHem eee ee eee aoe 3 3 14a OGRE NOSS =e eee snes cea 17.0 3.4 15.7 
@oltsPiaseteesoeecce cscs ce 6 33 1045 ||MPoulttyjshacsos sansa eee | 115.0 1.2 5.5 


a Work horses averaged 3.3 per farm and are included in this table. 


LIVE STOCK. 


Dairy cows are the most important kind of live stockon the average 
farm of this immediate section Hogs are second in importance and 
horses third. Table V shows the average number of the different kinds 
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of live stock and their cope le in terms of animal units! per farm. 
The relative importance of each class of live stock expressed in per- 
centage of total animal units is also shown in the last column of this 
table. 

On these farms there was an average of 8 cows per farm, which 
constituted 38.7 per cent of the total animal units kept. Brood 
sows averaged over 2 per farm and other hogs 17, all kinds together 
constituting 18 per cent of the total animal units. Horses consti- 
tuted over 15 per cent. Sheep made up an average of 11.5 per cent 
and young stock of the dairy herd 6 per cent. It is worthy of note 
that poultry averaged 115 head per farm, or 5.5 per cent of the total 


animal units. 
SOURCES OF INCOME. 


Further light on the general character of the agriculture of the 
region is gained by astudy of the sources of income. Taking an.aver- 
age of 300 owner and 153 tenant farms which were studied dairy 
products constitute the largest source of income. Hogs ranked sec- 
ond, and wheat third, with the income from poultry ranking a close 
fourth. Table VI gives in detail the proportion derived from the 
different sources on all farms studied. Figure 6 shows graphically 
the relative importance of these different sources of income. Less 
than one-fifth of the farm receipts are from the sale of crops. Sales 
of crops were practically the same on owner and tenant farms. 


Tapui VI.—Average per cent of total farm receipts from different sources, 300 owner 
and 153 tenant farms, Lenawee County, Mich. 


Per cent | Per cent 

Sources of income. of total Sources of income. of total 

receipts. | receipts. 
Dairy products .:...-". 22... See Scales nie 31 Sl ACoprimmese ates ease ese Ma as Selene 1.3 
IDEN Gin) Seen sea eeee eee a ee 534: | WROtatOeseepe sees nase saecee lee sae eee 6 
Beef cattle and feeding Sleerstesceenceon. BR a | aN AVIA ss eae i ee en ee 7.9 
LOSES MPT ney te eos aoe a = sees ese J 3 ORES Meeeeen ons ates nie aes oe a eee EE 3.8 
COMtStp eer ese ou SS re ae ies. 2) Ou NBavleyermerrrrsne ooe sooo ee nc eee seems af 
Sheep wsean - eesce nics dae USE ereEaS| 3.6 one OTA Reon er aii2cie ae ates Ges aaieee sil 
Feeding SHOP See wee aaa nbeneece eee cual IDO BEY oe cceteccomee ne cane cocecesesescese 3.6 
LOE See eee ees scsinSscinssczcsesecsnie| 15. 4 | enete ~Uaretticee seaeabeuereppaSceaoeeLace -2 
Poultry sdocwéseceredetelBeneee Hea saeeees 6.9: || Truck : 4 
BROGAN eISHOCK sa somes oo see 68.0 | 3h @ 
9.0 

a Labor, lumber or wood sold, etc. b Increase inventory. 


A study of Table VI shows that dairy products brought nearly one- 
third (31.8 per cent) of the total receipts of the 453 farms studied. 
Hogs stood second in importance, receipts from hog sales averaging 
15.4 per cent of the total. Wheat brought 7.9 per cent, and it is 
worthy of note that the sale of poultry and poultry products accounted 


1 An animal unitisa mature horse or cow or as many smaller animals as require the feed ofa horse or cow, 
namely, 2 head of young cattle, 5 hogs, 7 sheep, or 100 hens, 
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for 6.9 per cent, almost as much as the receipts derived from sale of 
wheat. The table shows further that on the average only small quan- 
tities of oats and hay are sold, the oat crop bringing only 3.8 per cent 
of the total receipts, and the sale of hay only 3.6 per cent. Since hay 
occupied 31.5 per cent of the total crop area on these farms (see Table 
ITT) and the oats crop 17.5 per cent, it is evident that the greater part 
of these crops are consumed as feed on the average farm of the area. 


G STEERS 


POTATOES 


TRUCK 


Fig. 6.—Sources and amount of receipts, 300 owned and 153 tenant farms, Lenawee County, Mich. 
FACTORS OF ORGANIZATION AND MANAGEMENT. 


_ There are a number of factors which enter materially into the suc- 
cessful organization and management offarms. Some of these factors 
are of greater importance than others, some may be disregarded with- 
out serious consequence; but as a rule the profit derived from farm- 
ing depends very largely upon the extent to which certain essential 
features of organization and management have been adopted and ad- 
hered to. 

One of the first of these factors to be considered is the type of farm- 
ing, with reference to local soil, climatic, and market conditions. Of 
the different types which suit these conditions, selection should be 
made Not only in view of the greatest profits but also to suit the indi- 
vidual likes and dislikes of the operator. 

Another important factor is the size of the farm business which it 
is possible to develop on a given area. <A large volume of business 
may be done on a small farm while only-a small business may be con- 
ducted on a large farm if poorly managed. Without reasonable size 
of business there is little opportunity for a satisfactory profit in farm- 
ing. How this factor affects the farming operations of Lenawee 
County will be discussed in detail later. 

“Quality” is a general term given to a number of essential factors 
which affect the farm business from the standpomt of production. 
Quality used in this sense is exemplified in the yield of crops and the 
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producing capacity of livestock. In regard to crops, maximum yields 
are sometimes expensive and not desirable, but under the conditions 
that prevail in this area, unless the soil produces fair yield without the 
use of expensive fertilizers, there is little basis for profitable farming. 
On. farms where live stock are kept this live stock must be of good 
quality and efficiently handled. On farms where dairying is an im- 
portant enterprise the quality of the cows, as measured by the amount 
of milk produced per cow, is one of the most important factors of 
success. How these important items influence the returns on the 
farms studied in this area will be shown later. 


TYPE OF FARMING. 


The farms studied in Lenawee County fall under four fairly dis- 
tinct classes or types, according to predominating enterprise or com- 
bination of enterprises on which the general organization is founded. 


Fic. 7.—Scene on Lenawee County farm on which dairying is combined with grain farming. 


On this basis were found farms devoted principally to dairying, hogs, 
and grain; dairying and hog raising; dairying alone; and dairying 
and wheat production. In each of these classes, however, dairying 
is of considerable importance (see fig. 7). It is interesting to note 
‘that, even with this very general classification, a study of the data 
gathered shows there is a distinct relation between the type of farm- 
ing and labor income. For this study 213 of the owner-farms were: 
selected which conform most naturally to this classification. The 
results of this arrangement of data are given in Table VII. 


14 BULLETIN 694, U. S. DEPARTMENT OF AGRICULTURE. 


TasLe VII.—Relation of type of farming to amount of capital used and labor income on 
farms operated by owners, Lenawee County, Mich. 


Average Average 
invest- labor 
ment. | income. 


Number 


Type of farming. of farms. 


Dairying, horswandionrdinwye 2S eee as. ook eects ee ee ae renee Bee ene 114 | $12,897 $626 


Dairying and hogs fee a6 CES ee eE eee Serie oot cece ae ae Saas 54 10,974 433 
Dai yATi Pee eee ee een ne ee NTS yh. Oh Le ee ee Pad egy) TN a | 28 12,640 378 
pL) atirey inn Cyan geen sii eee ee oe m2. yee eames eee rc | 17 12,522 278 


Since the capital invested averages about the same for each of 
these groups of farms, the influence of the size of business as measured 
by capital is practically eliminated. It is therefore fair to conclude 
that the difference in labor income is largely, if not altogether, due 
to the type of farming. The farms operated with dairying, grain, 
and hogs as the leading enterprises returned their operators the 
largest incomes. After taking out 5 per cent on the investment, 
these farms had an average lsvbar | income of $626 clear of all expenses. 
On the same basis the ister and hog farms made an average labor 
income of $433. The 28 farms classed strictly as dairy farms made 
an average labor income of $378. The lowest average labor income 
was made by the combination dairy and grain farms, namely, $278. 
The figures given in this table are representative of normal condi- 
tions, but dairy and grain farming, especially with grain production 
aroilominatine would show decidedly different results during the 
abnormally high prices of 1916-17. 

The farms J naerfied under the heading “‘ Dairying, hogs, and grain” 
are practically of the type ordinarily classed as general, or diversified. 
Besides having the three more important enterprises, these farms have 
a greater use for small enterprises than the more specialized farms, 
thereby enabling them to use capital and labor to better effect. This 
type is most prevalent in this section, and the figures given confirm 
the apparent belief of the farmers of the region that the general farm, 
with a limited amount of dairying, is under normal conditions the 
most profitable type of farm organization so far developed there. 
Diversity is an important factor which helps to make these general 
farms profitable and comparatively certain of income. This is 
brought about not only through the larger number of sources from 
which the income is derived, but by reason of the fact that this type 
is less subject to fluctuations from year to year than the specialized 
type. 

There are comparatively few farms in this area which may be 
classed as dairy and grain farms. Specialized dairy farms are 
slightly more numerous than dairy and grain farms and under 
normal grain prices have a slightly higher average labor income. 
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An idea of the organization of the farms of these different types 
may be gained from a study of the source from which income is 
derived. Table VIII shows the average percentage of receipts 


derived from the different sources for each of the different types or 
classes. 


Taste VIII.—Source of income and percentage of income from each source, 213 owner 
farms of diferent types, Lenawee County, Mich. 


Sources ofincome on farms following 
each given type of farming. 
Dairying, Dead | Dain 
hogs, and yi08) Dairy. | tyne 
grain, and hogs.) and grain. 
INTERES GE CIENT Se se oe eee ane eee seer Sooo cok 114 54 28 | 17 
Per cent ofincome from— 
Bi EPROGIICUS eto Bn= ce one e acts cinciaes sacs 22 od ste eeeeeee 25.4 37.3 | 49.8 39.7 
WaimyaCahlewsee ae een eo he tae ae ee 4.6 6.7 | 8.2 4.3 
Beef cattle and feeding steers. --......-.--------+----------- sO Wiech ceannae [ent aid tiaiste [eee 
TONGS 5 - cas Re SCS eS a a ee ee Se eess ee «2 stl | -6 1.0 
COIS. . oc cabesnect ses ce peee poet ee Sea eens = Le sossae 1.8 2.1 | 2.2 1) 
EIWESTESIG LATS mata sean aes See een = eee eosecnccest Al: 2.2 | 1.2 11 
IHecHIngSheepELpissses | = Gach se ee set leaned Ss 2a ee ee 3.5 Git Pooccemobel eases sae 
HEIGES <5 95 SEO RS CO SHE DRS ene oe ia PR = Eerie 14.0 25.3 | 8.2 9.4 
Poultiny iss - 22% pu fae Se eins PY SNORE oer |. tes Be oe Uo 7.2 | 6.6 5.4 
BROEAMNVOISLOChaet 2 see me cesses sie ok Des 22 o Soe 61.8 81.6 76.8 62.1 
COT EE t eee a gon oe eee: (eee sh aces st Eee Ree 2.2 -8 | ail 2.0 
IROUATOGS Perret ese cine | Mu RA oe oe ee eye 1.5 soul oecetesers ae, 
Wheat ees ses 2a 52 24. 23255 10.5 4.0 4.6 18.8 
ORS OL ce see eee eee 5.0 12 1.5 8.7 
iBanleyeeste eee. - -6 oil A) 3.7 
Other grain Bea. 74 73 SS 71a, be rs Se 
lay amar at ee) -46 1.0 2.6 8 
DO ee ae <4 ail aloe teeee 
Write seas 252 8 -6 5 1 il 
Feed and supplies 8.3 eB 10.0 oe2, 
sLotslicropsiand feeds. ase. 22h so... eee 34.6 16.2 19.8 37.5 
MISCCHANGOUSIO) ane S565 sae ee senso be oc oie ee ee ene 3.6 202, 3.4 4 


a Includes man and team labor, machine work, sale of lumber, sale of sirup and sugar, rent of buildings, 
and cider making. 

It will be seen that the farms classed as “dairy, hogs, and grain” 
derive only about one-fourth (25.4 per cent) of their incomes from 
the sale of dairy products; 14 per cent from the sale of hogs; and 
10.5 per cent from the sale of wheat. The minor sources of income 
are as follows: Poultry, 7.1 per cent; oats, 5 per cent; dairy cattle, 
4.5 per cent; hay, 4.6 per cent; ewes and lambs, 4.7 per cent; and 
feeding sheep, 3.5 per cent. It will be noted that these farms show 
distinctly a wider diversity in their sources of income than any of 
the other classes. 

The dairy and hog farms receive 37.3 per cent of the total receipts 
from the sale of dairy products and 25.3 per cent from hogs, and the 
dairy and grain farms an average of 39.7 per cent of the total receipts 
from the sale of dairy products, and 18.8 per cent from the sale of 
wheat. 


Looking in a general way at the organization of the farms of the 
area studied and the types of farming established, some important 
features are brought out in regard to the relative amounts of crops 
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and live stock sold. In some sections and under some conditions 
itis best to sell practically all crops, while in others it is better and 
more profitable to derive the greater part or almost all the income 
from live stock. The size of farm undoubtedly has some bearing 
upon this phase of the farm business. (See Table IX.) 


Taste 1X.—Relation of per cent of total receipts from live stock to profits on 300 owner 
farms, Lenawee County, Mich. 


| 
‘i Receipts i 
' cres per pro- verage 
Per cent receipts from live stock. Neer per aiRe ductive labor 
° || seyeran, = ae animal | income. 
unit. a 

47 94 104 $51 $504 
41 105 107 56 535 
57 120 100 63 666 
75 110 102 63 432 
49 95 98 68 430 
GOjandlovenseererce= cee ae eee s 31 86 92 62 237 
Alliownertarms: 2 5..52. 222 he eee25- 300 104 100 61 481 


a Includes all live stock on the farm excepting work stock. ~ 


Of the 300 owner farms studied the greater number received 
relatively a large proportion of their receipts from live stock, so 
that the variation in this respect is very wide. The farms which 
received 50 per cent and less of their income from live stock show 
slightly lower average labor incomes than those that received from 
50 to 70 per cent of their income from this source. In this, how- 
ever, it must be borne in mind that the farms receiving 50 per cent 
and less are comparatively smaller. In this connection it is difficult 
to draw any hard and fast conclusions, but it seems quite worthy 
of note that the most prosperous of the owner farms of the area 
studied are getting from 50 to 70 per cent of their income from 
the sale of live stock and stock products. In special cases and 
with farms of peculiarly radical departures in organization it is 
quite probable that the percentage of receipts from live stock may 
well be higher than normally found. _ 

A similar condition arises in the study of the relative per cent of 
total receipts received from the sale of crops, as shown in Table X. 


TaBLE X.—Kelation of per cent of total receipts from crops to profits on 300 owner farms, 
Lenawee County, Mich. 


Acres : Receipts | Average 
Per cent receipts from crops. Anas per Crop per Sate ‘labor 

| farm index. | malunit.| income. 
46 91 96 60 $276 
64 93 99 66 455 
a 66 110 102 65 636 
| 66 117 104 61 569 
| 30 108 103 54 503 
AQT OL Ohycsts anaes nae ee rs eee sd on ee | 16 11 106 54 324 
SOANCIOVER Sosa ae en ee Meena ie a. son Ue see | 12 83 101 39 231 
PANNCO Wi 6 Yasey RT S eye eee eee is et ee | 300 104 100 61 481 
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The farms which show the higher labor incomes are making from 
10 to 40 per cent of their total income from the sale of crops, and it 
_ will be noted also that most of the farms in the list fall between these 
limits. Here, again, there is a direct relation between labor income 
and size of farm. Yields, too, as indicated by crop index, are some- 
what higher on the more profitable farms. It is interesting to observe, 
however, that on the farms where more than 40 or from 40 to 50 per 
cent of the income is derived from the sale of crops, even with the 
average size of farms remaining about the same and the yield of 
crops slightly better, the average labor income falls off materially. 

The results given in both Tables IX and X can at best only serve as 
a very general guide in the organization of the farms of different 
types and sizes under average conditions, which exist normally in 
the area surveyed and in nearby sections. 


SPECIAL FARMS. 


In this region, as in most others, an occasional farm is found 
which departs widely from the type which investigations show to be 
that best adapted to the average conditions of the area, and yet is 
a pronounced success. 

An example of this was found in a farm located on the heavier 
type of soil in Lenawee County on which alfalfa is easily grown. 
About 40 per cent of the crop area was in corn, 10 per cent in a 
nurse crop for alfalfa, and 50 per cent in alfalfa. In the winter 
season a large number of western lambs were fed. From a financial 
standpoint the results on this farm are decidedly satisfactory. 

The management of such a farm, however, requires considerable 
skill and business ability. One of the principal difficulties arises 
from the fact that the labor is unequally distributed throughout the 
year. When alfalfa occupies the place in a farm system that it does 
in this instance it is necessary to provide a separate equipment in 
teams and implements and a separate group of men to take care of 
the alfalfa. Hence the equipment and crews needed during the 
summer months on such a farm are about double those demanded by 
the system which the farmers here have worked out by experience. 
Only about one half of the labor required can be given employment 
throughout the year. The other half is needed only in the summer 
and from the nature of the case must be temporary labor, which is 
usually unsatisfactory. If some means could be devised to give | 
profitable winter employment to the surplus labor needed during the 
summer season, this system would work without any special diffi- 
culties other than those attending the fluctuation in the price of pro- 
ductive live stock to which the crop products are fed. To be success- 
ful with such a system, however, the farmer must be an expert 
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buyer and seller and must have a thorough knowledge of the feeding 
qualities of livestock. 

Another rather extreme instance was found in a large farm with 
Jand which for the most part is sandy. The farmers of the county 
have generally failed with alfalfa on sandy soils, but practically the 
whole of this farm is in alfalfa, there being no other crop. The 
owner feeds practically all the alfalfa to western lambs, buying the 
necessary grain to feed with it. This farm is usually very profitable, 
‘but it must be borne in mind that the owner is distinctly an expert 
in buying and selling lambs. Furthermore, his system enables him 
to utilize to excellent advantage second-grade alfalfa hay which 
would otherwise be unsalable. It may be noted also that on this 
farm there was a considerable area of alfalfa several years old with a 
compact bluegrass sod covering the field and yet making very satis- 
factory yield of hay. There is little question, however, that if the 
average farmer on sandy lands in Lenawee County were to attempt 
this same kind of farming he would fail; first, because of the admitted 
difficulty of growing alfalfa on sandy land; second, because of the 
lack of the expert knowledge required to make a success in the feed- 
ing of sheep. 

These two farms merely illustrate the fact that the man who is 
distinctly above the average in ability and training in some special 
line is not limited by conditions which the average farmer may find 
insurmountable. 

POULTRY. 


There were no specialized poultry farms encountered in the area 
surveyed. However, the income from poultry on the farms studied 
was 6.9 per cent of the total income (Table VI) and oniy 1 per cent 
less than the income from the wheat sold. The data show that the 
farms receiving a small per cent of their total incomes from poultry 
made higher labor incomes than those which kept no poultry, and 
higher also than the farms which kept more. This merely means 
that on the average farm of the section it pays to keep from 100 to 
200 hens, or about as many poultry in the aggregate as can be kept 
mainly on the farm wastes. When the number gets beyond this, 
poultry raising will not as a rule be profitable unless the farmer has 
the skill of a professional poultryman. 


SIZE OF FARM BUSINESS. 


The size of busmess conducted is as a rule a very important factor 
in determining the income of the average farm. Unless there is a 
reasonably large volume of business, there is not sufficient foundation 


for a satisfactory income. A large business when properly conducted 


gives opportunity for getting large returns, and in a similar manner, 
if inefficiently conducted, a large business affords an opportunity 
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for suffering correspondingly large losses. This holds true in farming 
quite as well as in other lies of enterprise. 

There are a number of ways of measuring the size of a farm busi- 
ness. When the type of farming is quite uniform, and the region 
well developed, and when there is little variation in the quality of 
the soil, the size of business may be accurately measured by the 
total area of the farm. Other methods of measuring the size of 
farm business are by capital invested and labor requirements. 


SIZE OF FARM. 


In most sections similar to Lenawee County, where the general 
type of farming prevails, there is a strikingly direct relation between 
the size of the farm and the net returns. Larger acreages up to 
certain limits permit a better utilization of labor and machinery. 
With the types of farming thus far developed in this area, a large 
acreage devoted to a general type of farming, with adequate machin- 
ery, and with a reasonable profit per acre, usually brings in a greater 
income for the owner or operator than a small farm handled more 
intensively and with relatively greater expense for hired labor. 


Taste XI.—Relation of size of farm to income on 300 owner and 153 tenant farms, 
Lenawee County, Mich. 


| Working owners. Tenants renting for cash. Tenants renting on share. 
| | | { 
Aver- | Aver- | Aver- Aver- | Aver- | Aver- 3 Aver | Aver- 
Size of farm. Num-| age age age |Num-| age age age | Num- = - age age 
ber of | size | farm | labor | ber of| size | farm | labor | ber of ae 5 farm | labor 
farms.; of in- in- |farms.| of in- in- | farms. aie in- in- 
| farm. | come. | come. farm. | come. | come. * | come. | come. 
| ACTES, Acres. Acres 
60 acres and less 66 45 | $540 | $277 7 38 | $500 | 3456 4 37 | $278 $249 
61 to 100 acres-.- 124 84 922 445 14 86 730 648 35 84 526 474 
101 to 160 acres. 72 129 | 1,172 434 8 131 728 614 57 133 630 553 
Over 160 acres.. 38 223 | 2,272 | 1,047 4 216 | 1,214 | 1,078 24 230 889 77 
All form 300 | 104 | 1,069 481 33 102 739 651 120 125 640 |° | 564 


Table XI shows the influence of the size of farm on labor income 
for both owner farms and tenant farms studied. The average farm 
imcome of the 300 working owners advances rapidly and uniformly as 
the farms increase in size, likewise the average labor income increases 
rapidly until the farms reach 100 acres in size, remains about constant 
tor the next higher size-group and again increases rapidly in the 
group of farms above 160 acres in size. ~The 66 farms of 60 acres and 
less, and an average of 45 acres each, made clear of expenses an 
average farm income of $540, and after deducting 5 per cent 
interest on the investment made an average labor income of $277. 
‘The 124 farms in the size-group of 61 to 100 acres, and an average of 
84 acres in size made an average farm income of $922 and an average 
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labor income of $445. The 72 farms, 101 to 160 acres, averaging 129 
acres, made an average farm income of $1,172 and an average labor 
income of $434; and the 38 farms over 160 acres, averaging 223 acres 
in size, made an average farm income of $2,272 and an average labor 
income of $1,047. The table also shows that the average farm and 
labor incomes of the cash and share tenants increase with the size of 
farms in about the same proportions. 

The figures in Table XI show beyond question that under the 
conditions which exist in the area covered in Lenawee County and 
with the types of farming established, there is a decided increase in 
net returns and a general advantage in operation as the size of farm 
increases, at least up to the limit reached in this table. This fact 
presents for the consideration of each farmer in the region the problem 
of whether his farm business, as measured by the size of his farm, is 
of sufficient magnitude to permit him to earn a reasonable and 
adequate income. If not, it is well for him to consider ways and 
means of increasing the size of the farm or of getting the equivalent 
of an enlarged farm area. Naturally one of the first ways to suggest 
itself is to buy more land, if possible. If this is out of the question, 
similar results may be secured by renting additional land. [If it is 
impossible to purchase or rent more land, then the nearest equivalent 
to an enlarged area is to increase materially the yields on the land 
already owned and operated, and in addition, improve the quality, 
and possibly increase the quantity, of the live stock kept. - In enlarging 
a farm business in this manner care must always be exercised to see 
that the expense of increasing the yields and improving the live stock 
is not too great. 

The large farms in this section on the average are yielding the 
greatest labor incomes for their owners and operators, but large farms 
in general require good management also. Ordinarily the man with 
small capital should first buy a farm of moderate size, but occasionally 
men who are good managers find it easier to pay for a big farm than 
a smaller one. 

CAPITAL INVESTED. 


As a rule there is a tendency to buy land before sufficient capital 
has been accumulated. To be limited in capital not only limits the 
acreage of the farm, but often hinders greatly the proper operation of 
the farm in general. Too often the purchaser fails to take this into 
account. While it is not advisable to carry too heavy an obligation, 
generally it is better to secure sufficient capital on a reasonable farm- 
loan basis than to operate too small a farm or be hampered by lack 
of operating capital. On the average, in Lenawee County, there is a 
direct relation between the capital invested and the labor income 
received. 
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TasLe XII.—Relation of capital to labor income on 300 owner farms, Lenawee County, 


Mich. 
Number Average Average 
Capital. of size of fever ane labor 
| farms. | farms. pita". | income. 
| Acres 

<7 AULD BIRT CSS eee ABE 2 85k ee ee Sen IS 67 50 $4, 850 $276 
SHAG ONG) eI Vere ee ee ee eee ees ges itt ne | 109 83 9, 033 386 
SULLA DEL 8D § SUS CUD cs ee, iy al ma Se 54 109 12, 813 488 
ENUM UDRO) DEBS See ee cee St eee aoe ee eee Se ee | 39 154 17, 550 569 
OD AE LOT cee iee ct anal el ee | 31 220 | 27,124 1, 139 
iT (5s Saal Oe emia 5, 2 fee coo 104 | 11,756 481 


By a study of Table XII it will be seen that with but few excep- 
tions, labor income keeps pace with the increase in capital in the dif- 
ferent groups. Throughout the table there is an almost constant in- 
crease in the average labor income as the average investment Increases. 
Beginning with the first group of 67 farms with $7,000 and less in capi- 
tal, and an average investment of $4,850, the average labor income is 
$276 per farm; whereas, in the last group of 31 farms, with an aver- 
age investment of $27,124, the average labor income is $1,139 per farm. 
This table emphasizes the importance of size of the farm business as 
measured by the capital invested. - 


EXPENSES. 


It is to be expected that as the size of the farm increases the 
expenses must accordingly become greater. While this is true, the 
operating expenses and the expense of upkeep and repairs are nor- 
mally less per acre on a large farm than on asmall one. Here, again, 
the size of business becomes a factor in efficient and profitable man- 
agement.’ 


TasLe XIII1.—Relation of size of farm to annual cost of buildings, fences, and machinery 
per farm and per acre on 300 owner-farms, Lenawee County, Mich. 


| 
Farms with each specified acreage. 
| 


All farms. 
| 60 acres | 61 to 100 | 101 to 160| Over 160 
and less. | acres. acres. acres. 
PMC TOMAS aye eee oe ne 300 66 124 72 38 
Annual cost per farm: Bee: | | 
IB (UU CIOS. Oo 5 Bee ae ae es ee $143. 00 $99.00 | $128.00 | $164.00 $226. 00 
DATOS oj oc oS On eS See ene ae ee 19. 00 14. 00 16. 00 25. 00 27.00 
-Implements and machinery.....-.........-.---- 26. 00 14. 00 23. 00 32. 00 50. 00 
SPC llne s Ree ale eS ea ae | 188.00 127.00 167. 00 221.00 303.00 
PMMA ANC OS IAPC ACLON sc) one esa eee noise ee esbe ce 1.81 2. 85 1.99 lr Al 1.36 
| 


Table XIII shows the relation of size of farm to expenses, including 
interest, general repairs, cost of farm buildings and machinery, and 
cost and repairs of fences on 300 owner-farms. It will be seen that 
the annual cost of buildings, fences, implements, and machinery per 
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farm increases, and for all these items combined the annual cost per 
acre decreases, as the farms become larger. On the 66 farms of 60 
acres and under in area, the annual cost per farm was $127 and the 
total annual cost per acre was $2.85; on the 124 farms of 61 to 100 
acres In area, the annual cost per farm was $167 and the annual cost 
per acre was $1.99; on the 72 farms of 101 to 160 acres in area, the 
annual cost per farm was $221 and the annual cost per acre was $1.71; 
and on the 38 farms of 160 acres and over in area the annual cost 
per farm was $303 and the total annual cost per acre was $1.36. 


QUALITY OF FARM BUSINESS. 


Quality, as shown in the yield of crops and the income per animal 
unit, and especially the income per cow, exerts a great influence on 
the income derived from the farms of Lenawee County. From these 
standpoints there are marked differences in the farms surveyed. 
While the crop yields on the average are good, there are numerous 
farms on which the yields of practically all crops are much below the 
average, and other farms on which the crop yields are far above the 
average. There is a great variation also in income per animal unit 
and the income per cow. This makes it possible to show the con- 
trast in tabor income as affected by these factors. 


CROPS AND LIVE STOCK. 


In studying the data secured from a survey of this nature it is not 
an easy matter to separate entirely the two important factors of crop 
yields and income per animal unit; hence it is necessary to present 
the two together. Table XIV shows the combined effect of crop 
yields and live stock on the 300 owner-farms, but the arrangement 
of the figures makes it possible to study the influence of each inde- 
pendently of the other. 


TaBLeE XIV.—Relation of receipts per animal unit and yield of crops to labor income 
300 owner farms, Lenawee County, Mich. 


Farms with crops yielding below the | Farms with crops yielding above the 
average for all farms studied (less than average for all farms studied (more than 
100 crop index). 100 crop index.) 
Receipts per animal 
unit.@ 
A Average ; Average:| ,_... 
Number meres number eenage Number ip velaee number i yolies 
of farms. | “poem of animal Beran Bal of farms. Syaail of animal earn 
seers) units. : eae, units. ; 
Acres. Acres. | 
$40 and less - Se ORe ee Min 33 92 le —$100 14 102 21 $192 
: 2 47 120 | | 523 
Sito S60 51 96 15 FEM WA aaah ee 3 ee 
DOLGO SO sees , 61 105 16 - 482 56 107. 18 718 
OmenssOse a tear 1 94 15 829 27 100 18 1,117 
All farms.-....- 156 98 15 300 144 110 20 678 


a Animal unit defined on page 14. 


FARM MANAGEMENT IN LENAWEE COUNTY, MICH. 23 


The 300 farms are divided into two groups on the basis of crop 
yields and into four groups on the basis of the receipts per animal 
unit. The first division on the crop basis includes all farms which 
have a crop index rating below 100, 1. e., the farms that are making 
yields below the average of all the farms studied for that year; the 
second division includes all farms with a crop index rating above 100. 
The farms making $40 and less per animal unit and with crop yields 
below the average, lacked $100 per farm (minus $100 labor income) 
of paying all expenses and 5 per cent interest upon investment, while 
those of the same quality of live stock but with crop yields above the 
average made an average labor income of $192. Thus the difference 
in crop yields in the groups making $40 and less per animal unit, 
made a difference of $292 in the average labor income for each farm. 
In the next group of farms, those making from $41 to $60 per animal 
unit, the difference in the average labor income per farm was $297, in 
favor of those with good crops. The average size of the farms is 
ereater in the latter case, (120 as compared with 96 acres.) This was 
due to the fact that the largest farm of the survey, one of 675 acres, fell 
in this class. With this farm omitted, the figures shown in the table 
in parentheses would have been the result; the average size would 
have been but 108 acres and the average labor income only slightly | 
less, or $509. In the group of farms making from $61 to $80 per ani- 
mal unit, the average acreage is practically the same and the average 
labor income of the farms with crop yields below the average is $482, 
as compared with $718 for those with crop yields above the average. 
With the average acreage about the same im the group receiving over 
$80 per animal unit, there is a difference in average laber income of 
$288 in favor of those farms having the better crop yields. Taking 
all farms, with an average difference of but 12 acres and 5 animal 
units per farm, there is average difference of $378 in labor income in 
favor of the farms with crop yields above the average. 

The influence of good live stock on the average labor income of the 
300 owner-farms studied may be seen first in the farms having poor 
crop yields, (less than 100 crop index) or which were. below average of 
the area in crop yield, and those that were above the average in crop 
yield for that year (above 100 crop index). When the receipts 
increase from $40 and under per animal unit to over $80 per animal 
unit there is a gradual increase in the average labor income from 
minus $100 to plus $829'in the farms below the average in yield; 
while in the farms with crop yields better than the average there is an 
increase in the average income per farm from $192 to $1,117. Fur- 
ther study of the data presented shows that the size of farm and 
several important factors other than the two on which this tabulation 
is based, are practically the same for the different groups; hence it 
Seems fair to conclude that quality as expressed in crop yield and 
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income per animal unit are important factors which materially influ- 
ence the incomes derived from the farms of this section. 


INCOME PER COW. 


On farms devoted largely to dairying, perhaps there is no other 
one factor of such great importance and none with so direct a bearing 
on labor income as the income per cow. In practically all of the 
studies of this character which have been made, this fact stands out 
with great prominence. In the survey of Chester County, Pennsyl- 
vania, for instance, the income per cow was shown definitely to be 
one of the more important factors of success on the dairy farms of 
that section. A table showing the figures in this connection are 
given in United States Department of Agriculture Bulletm No. 341, 
page 77. In a similar manner, also, the data gathered in the study 
_ of Lenawee County, Michigan, show that labor mcome on dairy farms 
of that section bears a direct relation to Income per cow. 


Taste XV.—Relation of receipts per cow to labor income, 212 owner-farms, Lenawee 
County, Mich. 


Having 5 or more cows. 


Receipts per cow. Rae pverage Average | Average | Average ~ 
aoe Reto size of | receipts | labor 
cows: farms. -| per cow. | income. 
$40 and less 38 8 113 $29 $245 
$41 to $50.....- 37 9 104 46 361 
$51 to $60... 39 10 132 56 401 
$61 to $70... 37 9 105 65 542 
SANG OLS OO Res ee are ele Stat lows os nes iaais = eae ve eee 41 11 133 79 915 
OV ETHE OO eee re creed sisi ae see len bine SERRE 24 10 113 105 1, 053 
INI TBINONS. sos cgsneciedooascesSsoessebmassssscose 212 9 117 61 564 


In Table XV is shown the relation of receipts per cow to labor 
income on the owner-farms covered in this study. The 38 farms — 
with average receipts of $29 per cow made an average labor income 
of $245 per farm; the 37 farms with receipts ranging from $40 to 
$50 and averaging $46 per cow made an average labor income of 
$361; the 35 farms with average receipts of $56 per cow made an 
average labor income of $401; the 37 farms with average receipts 
of $65 per cow made an average labor income of $542; the 41 farms 
haying average receipts of $79 per cow made an average labor 
income of $915; while the 24 farms with average receipts of $105 
per cow made an average labor income of $1,053. Throughout this 
table the figures show a constant increase in the average labor 
income when the average receipts per cow increase. There was _ 
only a small variation in the different groups of the number of cows 
per farm. 
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This analysis suggests a very profitable line of improvement for 
farms of Lenawee County on which dairying is carried on to a greater 
or less extent. With one-fourth of the dairy farms in this area 
reporting returns of less than $50 per cow, the importance of keeping 
individual records for each cow and of eliminating the unprofitable 
becomes evident. It further suggest the possibilities for increasing 
the income by breeding up and systematically improving the entire 
dairy herd. The production per cow is one of the very essential 
factors in making dairying profitable. . 


CROPPING SYSTEMS. 


Another factor of profitable farm management is the choice of a 
cropping system and the proper distribution of the crop area among 
the different crops. As previously stated, and as shown in Table IEI, 
on 300 owner and 153 tenant farms, corn occupies an average of 
29.5 per cent of the total crop area of each farm; oats 17.5 per cent; 
wheat 14.9 per cent; barley 2 per cent; and hay 31.3 per cent. The - 
tabulation of the data gathered on 300 owner-farms shows that in 
general on the more profitable of these farms corn occupies from 
30 to 50 per cent of the total crop area, or an average of about 40 
per cent; oats 1 to 20, or an average of about 10 per cent; wheat 
from 10 to 30, or an average of about 20 per cent; barley, roughly, 
from 1 to 10 per cent, and hay from 20 to 30 per cent. These results 
are significant. Consider, in the first place, their bearing on the 
corn crop. 

Since 1880 the corn crop in Lenawee County has more than doubled 
i acreage. In spite of this and in spite of the fact that it is still in- 
creasing im acreage, the indications are that corn on the average 
farm has not yet reached the acreage it might well occupy. There 
is every indication that on the average farm the acreage of corn 
should be increased until this crop occupies anywhere from 30 to 
-50 per cent of the total crop area, according to the needs of the farm 
for feed, and distance necessary to haul in marketing the surplus 
of the crop. It is a significant fact in this connection that each 
year from 75 to 100 cars of corn are distributed to the farms of Len- 
awee County from Adrian alone. A material increase in the acreage 
of corn on the average farm seems indicated as one step toward plac- 
ing these farms on a more profitable basis. 

A further comparison of the figures presented shows that the total 
crop acreage devoted to oats (17.5 per cent) puts this crop well to- 
ward the upper limit of the acreage which it should occupy. As a 
source of cash income, the oat crop is relatively unimportant, but 
m this section oats are so valuable as a farm feed that it is still very 
important that a good acreage be devoted to this crop. The oat 
crop in many instances also is used as a means of getting a stand of 
clover. 
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The average crop acreage devoted to wheat (14.2 per cent) puts 
this crop a little below the average of the total crop acreage of the 
more profitable farms. Wheat is an important cash crop, and while 
at normal prices it is not always highly profitable from an acre basis, 
it is nevertheless essential to a well-balanced and diversified farm 
system in this region, especially on the heavier types of soul. Like 
the oat crop, wheat is of value to the farm system in that it affords 
a good means of getting a stand of clover and timothy for meadow 
and pasture. Under the conditions found normally m Lenawee 
County the combined acreage of wheat and oats should about equal 
- that of the acreage of hay in the rotation. 

Barley holds a minor position from the standpoint of the area as a 
whole and is of little consequence as a cash crop. The figures show, 
however, that barley is still important as a feed crop and is much 
in favor with some farmers. 

The average acreage of hay (31.7 per cent) puts that crop well up 
toward the limit to which this crop may well be grown under the 
conditions now existing here. In any diversified farming region 
there are two important factors which tend to keep the acreage of 
hay from fluctuating materially. These are market prices, and the. 
returns “it: is possible to get from feeding hay to live stock. Condi- 
tions which would materially affect either or both of these factors for 
a considerable period of time would cause a change in the acreage 
which should be devoted to the hay crop, but under the present con- 
ditions hay on the average farm of the region seems to have found 
its proper status. 

CROP ROTATIONS. 


There are several. cropping systems in vogue in Lenawee County. 
Fixed rotations are the rule rather than the exception in this sec- 
tion. Some of these rotations do not meet present conditions, how- 
ever, as well as might be desired, in that they do not provide for — 
sufficient acreages of the more nai telblls crops. 

The greater number of the farms studied follow a five-year rota- 
tion. The most popular rotation of this class is (1) corn, (2) oats, 
(3) wheat, (4 and 5) grass two years. The five-year rotation next 
in importance is as follows: (1) corn, (2) oats (or wheat or barley), 
(3, 4, and 5) grass three years. One encountered still less frequently 
is (1) corn, (2) corn, (8) oats, (4) wheat, (5) grass. This rotation is 
very jest as it allows fu two alld of corn rather than one, 
furnishes oats enough for feed, and perhaps a small surplus for sale, 
enough wheat for a apipeconartil cash crop, ‘and hay enough for the 
average farm. In many instances it might be well to extend this | 
rotation into one of six years’ duration by allowing the grass to re- 
main two years before plowing it up. Where it is not desirable to 
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grow wheat, this rotation might well be conducted as follows: (1) 
corn, (2) corn, (3) oats, (4’and 5) grass two years. 

The principal six-year rotation encountered on the farms studied is 
(1) corn, (2) oats, (3) wheat, (4, 5 and 6) grass three years. A rota- 
tion encountered less frequently, but better suited to the conditions 
of the area, is (1) corn, (2) corn, (8) oats, (4) wheat, (5 and 6) grass 
two years. A modification of this system was found as follows: 
(1) corn, (2) corn, (8) oats, (4) wheat and barley, (5 and 6) grass two 
years. In this case wheat and barley of the fourth year occupy 
jointly the same field in whatever proportion the operator desires to 
meet the needs of his farm. The acreage of barley grown is usually 
governed by the need of this crop as feed for hogs, or in some in- 
stances, for dairy cows. 

After the five and six year rotations, four-year rotations were 
most numerous, the most common of these being (1) corn, (2) oats, (or 
wheat or barley), (3 and 4) grass two years. After this in order of 
popularity, comes the following: (1) corn, (2) oats, (3) wheat, (4) 
grass. A very desirable four-year rotation, found less frequently, 
is (1) corn, (2) corn, (3) oats or wheat, (4) grass. In this rotation 
barley might be allowed to share a part of the oats or wheat field if 
this crop is needed on the farm. 

The addition of alfalfa to the average cropping system of the sec- 
tion is very desirable generally, and since alfalfa can be depended 
upon to produce hay for several years, it is the custom to set apart 
a certain field of the farm for this crop, outside of the regular rota- 
tion. A rotation well adapted to the condition in the area and which 
is shown by the data collected to be a very profitable arrangement 
of crops on the average farm, is as follows: 


PIES SPCBIC cs 2 2 A RSE een eae eee ee a eee Mie Corn. 

DANG, WElIRs 4 5S pasos eso Eee OEE Ee eee aeons > cose naa Pem re eee Corn. 

‘[iout6! S762 sae ee eee St oe ee ee Oats and barley. 
PSRs: SiGkit oS. So oes Ge eee Or See Soe eee Seo) ree ener Wheat. 

PRUNE, WORIPL Lo, 26a ah ae ee eae ee ae Ec SNC io a nese Hay. 
Biveryeansor more on a separate field .-....:¢.- 2272... ----. 52-5. Alfalfa. 


This rotation permits approximately 40 per cent of the rotation 
area to be in corn, which is the percentage indicated as most desirable 
in general in this section. Oats and barley together occupy about 
20 per cent of the rotation area. These two crops, occupying the 
same field together, may be varied in acreage to suit the conditions 
of the individual farm. The wheat crop occupies about 20 per cent 
of the rotation area. Since this rotation provides for only 20 per 
cent of hay, whatever more is needed is supplied by the alfalfa crop. 
If this arrangement produces a surplus of hay, some of the grass of 
the fifth year may well be pastured or plowed under to improve the 
soil. 
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CASH CROPS. 


In running a farm it is not always an easy matter to determine 
whether crops should be sold or not and, if sold, to what extent. On 
most farms there is generally more or less shifting in practice as 
regards the selling and the feeding of certain crops. This is espe- 
cially noticeable in the relation between the price of corn and the 
price of hogs. If the price of hogs is high and that of corn relatively 
low, the greater part of the corn crop is fed, but if the opposite is true 
farmers in general are apt to sell off most of their hogs in rather poor 
condition and sell most of their corn crop as grain. Following the 
market in this manner is doubtless very often carried to extremes, 
and those who stick to the feeding of live stock continuously usually 
make more money in the long run than those who shift their practice 
in this respect from year to year. Nevertheless, the moderate selling 
of crops as a part of a general and diversified system of farming 
should not be discouraged. | 

Table VIII, page 15, under “‘ Type of farming,” indicates that of the 
300 owner-farms studied in Lenawee County those receiving from 10 
to even 40 per cent of their total receipts from the sale of crops were 
the more profitable. Tables were also constructed in this connection 
with a view to bringing out the most profitable percentage of total 
receipts from the sale of crops, and these indicate that under normal 
conditions and with the types of farming thus far developed here the 
ereatest profit is derived when not more than 10 per cent of total 
receipts is derived from the sale of any one of the general farm crops. 
The only exception to this is in the case of wheat, which apparently 
may run as high as 20 per cent of the total crop acreage, and which 
might be increased considerably in case of high prices of wheat, such 
as during 1916-17. 

SPECIAL CROPS. 


There are several new crops which are either entering rapidly into ~ 
the farming systems of the area or are beginning to attract attention. 
Of these the one of greatest importance and value to the section is 
alfalfa. There are two other crops which should be considered in 
connection with the agriculture of the county, though in only a 
limited way. These crops are soy beans and cowpeas. 


ALFALFA. 


Alfalfa is of comparatively recent introduction in this section, but 
already it has gained prominence on many of the best farms. Con- 
ditions in general are favorable for further developments, and more 
extensive seeding of this crop is taking place each year. There is ~ 
not much tendency toward specializing on alfalfa to the extent of 
making it the most important enterprise of thefarm. The indications 
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are that this crop is gradually assuming a permanent place in the 
cropping systems of the section and as a rule it is not assuming undue 
prominence or interfering with the proper handling of the remainder — 
of the farm crops. (See fig. 8.) 

A reasonable acreage of alfaifa is very desirable on most farms of 
this section, but too great an acreage is not easily managed. One of 
the most important factors in determining a desirableracreage of 
alfalfa on a given farm is the labor schedule. The records taken in 
this area show that the average dates of harvesting the first cutting 


Fig. 8.—A good stand of alfalfa, Lenawee County, Mich. 


of alfalfa is from June 4 to 11. - The early and more critical stages of 
the cultivation of corn come at the same time. As the acreage of 
alfalfa is increased the interference with the proper cultivation of 
the corn crop increases. Thus the corn crop becomes very largely 
the determining factor as to how great the acreage of alfalfa shall be. 
If the acreage in alfalfa is increased beyond moderate proportions, it 
will become advisable to reduce the acreage of corn accordingly, or 
means must be devised for securing extra labor to take care of the 
work at the time of the first cutting. It is the first cutting that is 
the greatest factor in this connection, as there is but little conflict in 
the labor of other crops when the second and third cuttings of alfalfa 
are done. On only two of the farms studied has alfalfa been made 
the dominating feature of the farm system. These have been dis- 
cussed at some length on page 17 under “Special farms.”’ 
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On the whole, conditions are favorable to a much greater extension 
of the acreage of alfalfa in the area, especially on the heavier soil 
types. However, a number of details should receive closer attention. 
In a large number of fields the effects of poor drainage were clearly 
evident. There were numerous spots where the alfalfa had been 
winterkilled. These occurred alike on hill slopes and in depressions 
where the drainage was naturally poor or where seepage has kept 
the soil constantly saturated with an excess of water. A thorough 
system of tile drainage will prevent winterkilling to a very great 
extent, if not almost entirely. If it is not convenient to give the 
entire alfalfa field a thorough drainage system, it is at least highly 
desirable to drain the parts of the fields where the crop has been 
killed out. This should be done before existing fields are reseeded, 
or tile may be put in the parts of the field which have been killed 
out and these may be reseeded without molesting the stand in the 
remainder of the field. 

The results which have been obtained with alfalfa in this area have 
been secured almost entirely without the use of lime or artificial 
inoculation. There is no doubt that both would be of considerable | 
assistance in starting new fields and that they would add materially 
to the production of hay after the crop is well established. On farms 
where it has been difficult to get a stand of alfalfa, and especially on 
the sandy types of soil, it would be well to apply from one to three 
tons of ground limestone or marl per acre and work it well into the 
surface while preparing the seed bed. This general treatment has 
proven very effective on sandy lands in general in northern Indiana 
and southern Michigan. 

In most cases the seed either should be inoculated with artificial 
culture, or with sweet clover soil or soil from another alfalfa field 
scattered over the surface and harrowed in shortly before sowing the 
seed. (For full details see Farmers’ Bulletin 704.) 

Considering the fact that alfalfa, in general, is domg well in nearly © 
all parts of the area surveyed, and that it has been established with 
little effort other than preparing the ground thoroughly and sowing 
the seed, it would seem that in this section this crop promises well 
for the future. A little more attention to details would go far toward 
insuring success. Tile drainage, lime, and artificial moculation are 
the essential factors of success which are being neglected most. More 
attention should be paid to those factors, together with careful con- 
sideration of the most desirable acreage to meet the demands of the 
individual farm and at the same time not to imterfere with the labor 
schedule of the farm in general and with the cultivation of the corn 
crop in particular. . 


1 United States Department of Agriculture Farmers’ Bulletin 716, entitled, ‘‘ Management of Sandy-land 
Farms in Northern Indiana and Southern Michigan. ”’ 
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Apparently the soy bean crop has no special impertance in the 
agriculture of the area, except in the more sandy sections or on lands 
where clover is grown with considerable difficulty. The area surveyed 
is made up principally of the heavier types of land, and the results 
of these investigations apply more especially to the heavy land con- 
ditions of Lenawee County and counties to the north, west, and south- 
west where these same conditions prevail. In these sections clover is 
grown with a high degree of success and alfalfa is very successfully 
grown on the farms where reasonable effort has been made. This leaves 
little to be expected from the growing of soy beans and really permits 
little demand for the crop in the agriculture of the section. The prin- 
cipal uses to which soy beans can be put in this section are that of a 
crop to be plowed under in a systematic plan of soil improvement, an 
extra crop to be grown for winter feed for hogs, and a catch crop sown 
in the corn at the last cultivation and pastured down by lambs during 
the first part of the feeding season. Soy beans may also be used to 
some extent as an emergency crop to supply hog pasture, but it 
apparently has no place of importance as a regular part of the crop- 


ping systems of the section. 
COWPEAS. 


_ As compared to soy beans, cowpeas as a farm crop are even less 
adapted to the agriculture of the area covered by this farm manage- 
ment study. The only place here where cowpeas can serve a purpose 
of any consequence is in the sandy sections. On the more sandy areas 
this crop can be grown to good advantage, and, together with soy 
beans, may to a great extent be used as a substitute for clover. Under 
these conditions cowpeas may be made valuable as a crop to be 
plowed under in the improvement of the soil. Another use which it 
may serve on these sandy areas is that of cow pasture—a practice 
which is carried out in other parts of southern Michigan. Aside from 
a few such general uses, this crop should not be considered in the area 
surveyed, especially not as a part of a regular and fixed rotation. 


OWNER AND TENANT FARMS COMPARED. 


Tenancy, though not abnormally developed, is neveriheless an im- 
portant feature of the agriculture of Lenawee County. Of the 564 
farm records taken, 300 were of owners, 90 were of owners who rented 
land additional and 16 of owners, generally of advanced years, who 
had curtailed their farm operations and were renting out a part of 
their land. There were 158 strictly tenant farms, 33 of which were 
cash rented, 120 half-share rented, and 5 one-third share rented. In 
all there were two and one-half times as many owner-farms as there 
were tenant farms. This probably represents about the true propor- 
tion of owners and tenants for the region as a whole, since the farms 
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were visited and the records taken without discrimination in the 
area studied. 


TaBLE XV1I.—Average area, capital, receipts, expenses, and profits of owner-farms as 
compared with tenant farms, Lenawee County, Mich. 


Owner-farms. Tenant-farms. 
| Tenant. Landlord. 
Owner 
Part of | 
O feme land One- | One- One- | One- 
MARS ee Pe ay {rented | Cash | half | third | Cash | half | third 
eid out. rent share | share | rent share | share 
: basis. rent rent basis. |- rent rent 
basis. | basis. basis. | basis. 
Number offarms..-..------- 300} ~ 90 16 Joule 20 5 33 120 5 
Average area, acreS.....-.--- 104 120 92 102 135 be sep (Be pe a [ea 
Average capital.......-- $11, $1,765 | $1, $582 | $9,061 $13,015 | $16, 406 
Average receipts 5 : * $861 $279 $859 | $1,577 
Average expenses......------ $510 $764 $385 $623 $326 $485 $30 $129 $507 
Average farm income....--.. $1,068 $954 $726 $739 $640 $376 $249 $730 | $1,079 ° 
Per cent oninvestment...... 5.8 5.9 4.9 20.3 Gis ees 2.7 5.6 6.5 
Interest on investment at 5 
DERGONt aaa asehse cess $587 $485 $454 $88 $75 A PA a ore som (ease red os she 
Average labor income....-..- $481 $469.| $272 $651 $564 SSE NEL sec Gp ere et eel epee ee 


It will be observed in Table XVI that the average size of the 
300 owner-farms was 104 acres, the owner with additional rented 
land 120, and the owners with part of the land rented out 92; whereas 
the cash tenant farms were 102, one-half share 135, and one-third 
share 159 acres, respectively. Here it will be noted that the prin- 
cipal group of tenant farms, those rented on the haif-share plan, 
are on the average considerably larger than the owner-farms, and 
that the small number of farms rented for one-third share average 
still larger. This last-named class is of rather peculiar type, since 
_ the owner, in addition to working on the farm himself, generally 
furnishes all equipment.and most of the live stock, giving one-third 
of the farm income and a credit of one-third of the increase in live 
stock to the renter for his labor. Only five such farms were found » 
in the four townships studied. 

The 300 strictly owner-farms had an average ee of $11,756, 
the 90 owners with additional rented land, $9,692, and the 16 owners 
with part of the land rented out had an average capital of $9,090. 
On the 33 cash-tenant farms the tenants had an average investment 
of $1,765, and their respective landlords had an average investment 
of $9,061; the 120 half-share tenants had an average investment of 
$1,506, ad their landlords had an average capital of $13,015; and ° 
the five one-third share tenants had the very low average capital of 
$582, whereas their landlords had an average investment of $16,406. 

In regard to farm mcome, which is the gross receipts minus ex- ~ 
penses, the tenants compare favorably with the landlords but fail 
slightly lower than the 300 owners and the 90 owners with additional 
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rented land. The average farm income of the 300 owners was $1,068; 
that of the 90 owners with additional rented: land, $954; and that of 
the 16 owners with a part of their land rented out was $726. The 
average farm income of the 33 cash tenants was $739, and that of 
their landlords, $249; the average farm income of the 120 one-half 
share tenants was $640, and that of their respective landlords was 
$730; whereas the average farm income of the five one-third share: 
tenants was $376, and that of their landlords, $1,070. Itshould be 
observed in this connection that the landlords’ farm income on the 
one-third share farms ($1,070) includes pay for whatever work the 
landlord himself has done on the farm, and taking into account the 
difference in capital, the landlord’s income naturally should be 
somewhat higher by this plan of operation than that of the tenant. 

After subtracting the average estimated values of the labor of 
owners and of tenants from the farm income, the owners have left as 
interest on their investment 5.8 per cent; the owners with additional 
rented land, 5.9 per cent; the owners with part of their land rented 
out, 4.9 per cent. The average per cent on the small investments 
of the tenants run much higher. The cash tenants made an average 
of 20.3 per cent, and the one-half share tenants made an average of 
16.1 per cent. It must be remembered, however, that these men 
were limited in the investment that could be handled economically 
m the form of working capital. The percentage returns must, 
therefore, be much higher than that for the entire capital of the farm 
if these men are to receive a fair return for their labor. The 33 land- 
lords renting their farms for cash received an average of 2.7 per cent, 
and the 5 landlords renting on the one-third share plan received an 
average of 6.5 per cent on their respective investments. It would 
seem that the per cent received by the cash-renting landlords (2.7) 
is rather low, but some consideration should be given to the certainty 
of income under this plan. 

It will be seen that the average labor income on the owner-farms 
was $481; of the owners with additional rented land, $469; and of the 
owners with part of the land rented out was $272; while that of the 
cash tenants was $651; of the 120 half-share tenants, $564; and of the 
one-third tenants, $347. 

Tenants naturally look forward to the time when they shall be 
owners and gain that coveted feeling of independence which comes 
with the ownership of land. Conditions vary greatly in different 
sections with respect to tenancy, and it is not always an easy matter 
to say when and under what circumstances the tenant should become 
an owner. Generally there is a decided imclination, however, to 
ignore the possibilities of renting and to hasten unduly into owner- 
ship. It is highly advisable to make sure that sufficient capital is 
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available, so that this change may be made without assuming too 
ereat a financial obligation. Neglect to do this often results in 
hardship and sometimes in financial difficulties which are hard to 
overcome. When to give up renting and become an owner, whether 
a man with small capital should buy a small farm or rent one of 
greater acreage until he has accumulated sufficient capital to acquire 
a farm of suitable size, are often serious questions. The data 
eathered in this connection in Lenawee County show what is actually 
taking place in that region. 


TaBLe XVII.—Relation of tenure, with a given amount of capital, to income, Lenawee 
County, Mich. 


> Acres of land per Average farm in- Average labor 
AGE DUES. farm. come. income. 
Operator’s capital. apasas ss 

Working Working Working Working 
aS: Tenants. aenEns, Tenants. OES Tenants. ears Tenants. 
Sie OOO Onless see es eese loosen ee soe bl Meee nease Sih | Smeceaeee SAIS Meee See oe $376 
$1,001 to $2,000...-.-- 4 88 29 | 126 $296 622 $210 548 
$2,001 to $3,000...---. 5 23 38 182 375 971 852 
$3,001 to $5,000.....-- 24 5 42 231 392 1, 266 187 1,094 
$5,001 to $7,000. ....-- 34 2 61 183 655 1, 648 351 ' 1,366 
$7,001 to $9,000......-. py he nesep ato 1s We oassaed 22 G89} S35 seer 3 289 FW osae.0 
$9,001 to $14,000. ...-- Da EE aaktels Says foi! Jal |e eel 989) see ee sexe BGT nee ee be 
$11,001 to $14,000. ..-- C77 ee eer OQ Asi eases aio ae ne Bye ae eee | 525 case eS 
$14,001 to $17,000. .... Di eta e 130M aeeee ee Tal Shree sonede AD (| ew ears 
$17,001 to $25,000... -- ADA ME Se De ee See ee 1 G70! | See erty: Ol Peers ce 
Over $25,000. -2------2 165, Seti ae 282 lnoseaeeses } OF 42h. Sesser L291 Sear ete 
Allfarms.-....| 3,000 | 153 | 104 128 1, 069 661 | 481 | 553 
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Table XVII shows that of all the farms surveyed there were no 
owners operating with $1,000 or less capital. There were 35 operated 
by tenants each of whom had not more than $1,000 at his disposal. 
The average area of the farms operated by these tenants was 81 
acres, and the farm income averaged $413 per farm. Allowing 5 
per cent interest on the capital, the average tenant made a labor 
income of $376. This shows that, in general, it is possible in this - 
section to rent and manage a farm of fairly good acreage when a 
capital approximating $1,000 has been accumulated, and that in 
addition to making a reasonable rate of interest on this capital it is 
possible to realize a labor income slightly above the wage of a hired 
hand, which in this region averages about $360 per year. 

There were only four owner-farms which were operated with 
capital of from $1,001 to $2,000, whereas there were 88 tenant farms 
in the same class. It will be noted that there is a material increase 
in the number of tenants whose capital falls between these limits as 
compared with those having $1,000 or less. It should be observed 
also that the average acreage of the owner-farms is very small, only © 
29 acres, while that of the tenant farms-is 126 acres. The owners in 
this class made an average total farm income of $296, while the renter 
made a farm income of $622. After taking out 5 per cent interest 
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on the investment in each case the owners are left an average labor 
income of $210, the renters $548. This shows that under current 
conditions it is still much more desirable to rent than to buy until the 
capital available for investment has reached $2,000 or more. 

In the third class, the operator having capital ranging from $2,001 
to $3,000, there were 5 owners and 23 tenants. The average area of 
the owner-farms was still small; being only 38 acres, whereas the 
average area of the farms operated by renters was 182 acres. A com- 
parison of incomes shows still greater differences. The owners made 
an average total farm income of $375, as compared with $971 made 
by the tenants, and an average labor income of $244 as compared 

with $852 made by the tenants. 

Tn the fourth division, those having investments of $3,001 to 
$5,000, there are only 5 tenants as compared with 24 owners, and in 
the next class, with investments of $5,001 to $7,000, only 2 renters 
were found, as compared with 34 owners. No renters were found 
with an operating capital of more than $7,000. 

The average farm income for five tenants in the group with invest- 
ments of from $3,001 to $5,000 was $1,266, and that of the two 
tenants in the group with investments from $5,001 to $7,000 was 
$1,648. It will be noted that the average farm income of the owners 
.does not approach these amounts until the group is reached in 
which the owners have investments ranging from $17,001 to $25,000, 
and farms average 171 acres in area, or approximately the area of 
the larger rented farms. 

Farm management surveys have, in epeneral; shown that just as 
soon as the tenant farmers have cremated sufficient capital to 
enable them to make a first payment on a farm of sufficient size to 
permit a satisfactory standard of living, the great majority of them 
pass over into the owner class. In Table XVII it is seen that when 
the average tenant in the region here studied has saved about $5,000, 
thus becoming able to possess a farm which will produce a farm 
income of about $400, he prefers to become an owner, despite the 
fact that as a tenant he could have an income practically three times 
as great. In this area no farmer remained a tenant after he had 

-accumulated more than $7,000 capital. 

There are two general reasons for this. In the first place, the ade- 
quate utilization by the tenant of a large operating capital requires 
a very large area of land, in many cases necessitating a magnitude of 
business that is beyond the managerial ability of the average indi- 
vidual. The table indicates, however, that the man of exceptional 
ability who can manage a large property with a high degree of effi- 
ciency could continue to do better financially as a tenant than as an 
owner, because of the greatly increased acreage which his capital 
would enable him to utilize. 
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Perhaps more important considerations that influence farmers to 
become owners as soon as it 1s possible to do so on a satisfactory basis 
are those relating to the very numerous advantages arising from 
ownership. The sense of security and independence which: owner- 
ship gives is a valuable consideration. The feeling of satisfaction in 
owning a home is undoubtedly one of the factors that influence many 
farmers to buy land. Finally, the greater independence of the owner 
as compared with the tenant who is in the nature of things more or 
less subject to dictation from the farm owner, and the fact that the 
owner is never under the necessity of moving from one farm to another 
because of disagreements with his landlord, seem to justify whatever 
financial sacrifice may be necessary in changing from the status of 
tenant to that of owner. 

From the standpoint of the public welfare, it is fortunate that the 
tendencies just mentioned prevail so generally. As a rule, tenant 
farmers are not a permanent part of the local citizenship, and are not 
so much interested as owners in the maintenance of schools, churches, 
and roads. 

The figures of the table, however, indicate. quite clearly inane in this 
section it is a mistake for ie young man with small capital to attempt 
to become an owner before his accumulated capital renders it possible 
for him to make a satisfactory first payment on a farm of considerable 
size. Even where the first payment required is only a small proportion 
of the total value of the farm, interest on deferred payments consumes 
so large a proportion of the farm income that unless the business is 
one of considerable magnitude there is not enough left to permit a 
satisfactory standard of living. It is, however, desirable that the 
tenant, when he has accumulated sufficient capital to become an 
owner on a proper basis, should purchase a farm. 
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SOURCES, SCOPE, AND LIMITATIONS. 


Intelligent use of the statistical matter contained in this bulletin 
depends on observing these explanations concerning its sources, scope, 
and limitations: 

ArgEa.—Of production: Contiguous United States. Of foreign 
trade: Contiguous United States and, beginning with their inclusion 
in national trade, Alaska, Hawaii, and Porto Rico. Commodities re- 
ceived by contiguous United States from Alaska, beginning July 1, 
1902, ceased to be included in technical ‘‘imports’’ and became 
“shipments” from the Alaska customs district, and so with Hawaii 
for 1901 and Porto Rico for 1900. Similarly, ‘‘domestic exports”’ 
from contiguous United States to these Possessions became ‘‘ship- 
ments’ in the years mentioned. There was a change from external 


Note.—This bulletin contains information which is of interest to the public at large as well as to those 
who are specially interested in potato production, trade, and consumption. 
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to internal trade m the accounting. The shipments of potatoes be- 
tween these possessions and contiguous United States if any, are too 
small to affect the results appreciably as applicable to contiguous 
United States, and hence are not added to imports or domestic ex- 
ports, as the case. may be, begining with the years mentioned, to 
determine the full movement into and from contiguous United States. 
The Philippine Islands have always been treated as a foreign country 
in the foreign trade statistics of the United States. 

YeEaR.—Of production: Year of planting, growth, and harvest. 
Of foreign trade: Fiscal year beginning July 1. Hence, the year of 
production is approximately related to the year of foreign trade, of 
supply, and of consumption. 

Porutation.—OConfined to contiguous United States, June 1 esti- - 
mates for noncensus years before 1910, and also for 1910 and later 
years, the census date for 1910 being April 15 instead of June 1 for 
many preceding censuses; supplied by Bureau of the Census. 

ACREAGE.—Bureau of the Census: 1889 and later decennial census 
production years. For 1869 and 1879, census production divided by 
production per acre estimated by Bureau of Crop Estimates. Bureau 
of Crop Estimates: Estimates for noncensus years; for 1890-98 and 
1900-8, new estimates of acreage made in 1917. 

Propuction.—Bureau of the Census: 1849 and later decennial 
census production years to 1879. Bureau of Crop Estimates: Esti- 
mates for noncensus years; for census years 1889 and later, census 
acreage multiplied by yield per acre. 

PRODUCTION PER ACRE.—Bureau of Crop Estimates: Estimates by 
States weighted to compute United States average. 

FARM PRICE PER BUSHEL.—Estimates by States by Bureau of Crop 
Estimates multiplied into State production, and total United States 
value divided by total United States production, for all years, in- 
cluding decennial census production years. For date of December 1. 

TOTAL FARM VALUE OF PRODUCTION.—Farm price per bushel, esti- 
mated by States by Bureau of Crop Estimates, multiplied into State 
production; total value of all States for all years, including decennial 
census production years. 

Imports.—Gross imports to year beginning July 1, 1910; imports 
for consumption for later years; Bureau of Roreisal and URE: 
Commerce. Years begin July 1. 

Suppty.—From the formula of production plus gross imports to 
the year beginning in 1910, and plus imports for consumption for 
1911 and later years. Carry-over does not enter into the problem for 
the reason that potatoes are not a carry-over crop. 

Domestic ExporTs.—Goods produced or manufactured in this 
country from either domestic or imported raw materials; Bureau of 
Foreign and Domestic Commerce. Years begin July 1. 
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VALUES OF FOREIGN TRADE.—The values of imported articles 
subject to ad valorem duties are defined by the Act of Congress of 
June 10, 1890, as— 

The actual market value or wholesale price of such merchandise as bought and sold 
in usual wholesale quantities at the time of exportation to the United States in the 
principal markets of the country from whence imported, and in the condition in which 
such merchandise is there bought for exportation to the United States or consigned to 
the United States forsale, including the value of all cartons, cases, crates, boxes, sacks, 
and coverings of any kind, and all other costs, charges, and expenses incident to plac- 
ing the merchandise in condition ready for shipment to the United States. 

The value of all other imports, whether subject to specific duty or 
free of duty, is determined also according to the law just quoted. 
The customs duty, if any, is not reckoned as a part of the import 
value. The value of domestic exports is their declared value at the 
time of exportation in the ports of the United States whence they 
are exported, which the law requires to be stated under oath, with 
penalty for misstatement. Tare included. 

Goip.—All values and prices have been reduced to gold for 1861- 
1878. . Sa 

POTENTIAL CONSUMPTION.—From the formula of production plus 
gross imports to the year beginning in 1910, and plus imports for 
consumption for 1911 and later years, minus domestic exports. The 
result stands closely for actual consumption in each year. No 
account is taken of stocks at begmning and end of year; potatoes 
are not a carry-over crop. The computed consumption includes 
potatoes used for seed, for live-stock feeding, and for starch manu- 
facture, as well as for human food and the quantity lost in waste. 

AVERAGES OF 10-YEAR PERIODS.—If the average is derived from 
one column, the years represented are added and the total is divided 
by the number of years represented. A difference between two 
columns is for the years represented in both columns. 

Tf an average of averages or of percentages is computed, the years 
that are represented in both of the two base columns are added and 
one total is divided by the other, as indicated; except that produc- 
tion per acre and per capita production per acre are unweighted 
means. 

Every average for less than 10 years is preceded by a* and that 
is preceded by a figure indicating the number of years represented. 


FOOD HABITS. — 


So great have been the variety and abundance of foods in this 
country and the dominance of sectional food habits that potatoes 
have never reached a prominence in the national diotary that they 
occupy in some other countries. Among the different groups of 
States the dietary importance of this tuber varies enormously. In 
much of the South it is greatly subordinate to sweet potatoes, yams, 
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rice, hominy, and corn bread and similar preparations of corn meal, 
while, at the other extreme, in many States of the North, it is cus- 
tomarily served at breakfast and diner and perhaps infrequently 
at the third meal of the day. 

The potato is subordinate to food habits, and these are largely 
formed in childhood. Great increase or diminution m its consump- 
tion as food is influenced by low or high price, by abundance or 
scarcity, and by the relative standing of substitute foods. The 
potato eaters of this country are accustomed to a full potato consump- 
tion according to their desires, and this is not large, as a per capita 
average for the whole country, when comparison is made with promi- 
nent potato-consuming countries. Under normal conditions, there 
are usually so many other things to eat in generous supply that the 
practical upper limit of potato consumption is easily reached. On 
the other hand, in a year of short supply and high price of potatoes, 
substitutes are accepted, but reluctantly so. Following the under- 
production of potatoes in 1916, a retail price of 75 cents to $1 a peck 
‘caused many a family to substitute rice, corn meal, and hominy. 


ACREAGE. 


The acreage of the potato crop in this country, as reported by the 
decennial censuses, is for farms and does not include the numerous 
gardens that produce potatoes off farms. The actual acreage from 
year to year is the result of the individual opinions of the farmers 
who produce potatoes with regard to the prospective total demand 
and price during the coming year, and in practice there is likely to 
be less miscalculation concerning acreage than there is concerning 
the various causes of high or low production per acre. Potentially 
the usual potato acreage of this country could be increased enor- 
mously. 

The acreage of the potato crop was first determined by estimate - 
by the Bureau of Crop Estimates for 1866 to be somewhat over 
1,000,000 acres; in 1869 the census production was divided by the 
average production per acre estimated by this bureau and the com- 
puted acreage was 1,309,000 acres; similarly in 1879 the computed 
acreage was 1,713,000 acres. The first acreage determined by census 
enumeration, was for 1889, and was found to be 2,601,000 acres, and 
the number of acres increased to 3,669,000 in the census year 1909, 
followed by small increase in later years, except that 4,390,000 acres 
were harvested in 1917, and that in 1916 the estimate of the acreage 
of this crop was 3,565,000 acres, or considerably below the acreage of 
the preceding seven years. ; 

During the nine years, 1866-1874, the average potato acreage was 
1,243,000 acres, and the acreage increased during each subsequent 
10-year period until the average for 1905-1914 reached 3,541,000 
acres, an increase of nearly 200 per cent in 40 years. 
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PRODUCTION. 


QUANTITY. 


The first census report of potato production was 65,798,000 bushels 
raised in 1849; by 1859 the crop had become 111,100,000 bushels. 
The yield was 201,200,000 bushels in 1889, and 394,553,000 bushels 
in 1909, a production that was subsequently exceeded only by the 
estimated production of 420,647,000 bushels in 1912, 409,921,000 
bushels in 1914, and 442,536,000 bushels in 1917. 

Since 1899 the years of low potato production were 1901 with 
198,626,000 bushels, 1911 with 292,737,000 bushels, and 1916 with 
286,953,000 bushels. The average yearly production of the 10 years, 
1905-1914, was 343,394,000 bushels. 


BY GEOGRAPHIC DIVISIONS. 


The geographic distribution of the potato crop among the differ- 
ent sections of the country in each census year and in 1912 and 
1916, years of high and low production, has undergone interesting 
changes. If the crop of each geographic division is represented by a 
percentage of the total crop of the United States for each year, it 
appears that the New England crop declined relatively from 19.2 
per cent of the national production in 1859 to 6.2 per cent in 1889; 
this latter percentage was nearly doubled in 1916, and there are in- 
dications that New England is tending toward a larger fraction of the 
national production. 

On the other hand, the Middle Atlantic States have declined from 
38.1 per cent of the national production in 1859 to 18.1 per cent in 
1916. From 1869 to 1912 the East North Central States maintained 
approximately the same relative position in potato production, or 
about 28 to 35 per cent of the entire production, but the West North 
Central States increased their relative production from 7 per cent in 
1859 to 26.6 per cent in 1889, followed by decline on the whole to 
17.9 per cent in 1916. 

Marked relative increase of potato production is found in the 
South Atlantic States, where the percentage remained nearly con- 
stant at about 4 until 1899, after which it increased strongly to 11 
per cent in 1916. Tendency to increase is found also in the East 
South Central States from 1899 to 1916, although the fraction is 
comparatively small, ranging from 1.8 per cent in 1899 to 3.4 per 
cent m 1916, or for the latter year about the same percentage as for 
1859. In the West South Central States also the percentage is 
small, but it has increased from 0.9 per cent in 1859 to 2.5 per cent 
in 1916. 

West of the Great Plains relative potato production has conspicu- 
ously increased. In the Mountain region relative production has 
been from almost nothing in 1859 to 8.9 per cent in 1916, and in the 
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Pacific States the increase during the same period has been from 2 
to 10.1 per cent. 

In 1916 the South produced 16.9 per cent of the national crop of 
potatoes, the Mountain and Pacific States 19 per cent, New England 
and the Middle Atlantic States 30.2 per cent, and the North Cen- 
tral States 33.9 per cent. 

As has been otherwise stated, the South produced about one-sixth 
of the national crop of potatoes in 1916, and this crop was very largely 
of early potatoes. Two characteristic crops of potatoes are pro- 
duced in this country, the early and late crops, and the southern 
crop, largely of early potatoes, is mostly for consumption in the 
North at a time when the late crop of the preceding year has been 
nearly all consumed and the oncoming new crop of early potatoes 
sells for comparatively high prices. 


PER ACRE. 


The Bureau of Crop Estimates first determined, by estimate, the 
average yield per acre of the potato crop of this country beginning 
with 1866. From that year to the latest year the high ‘averages 
are 113.4 bushels per acre in 1912, 111.1 bushels in 1904, 110.5 bushels 
in 1875 and 1914, 109.5 bushels in 1869, 107.5 bushels m 1909, 102.2 
bushels in 1906, and 100.8 bushels in 1917. On the other hand, the 
years of low average production per acre are 1881 with 53.5 bushels, 
1890 with 56.7 bushels, 1887 with 56.9 bushels, 1892 with 62.1 bushels, 
1894 with 63.6 bushels, 1901 with 66.3 bushels, 1897 with 67.9 bush- 
els, and 1878 with 69.9 bushels. The yield per acre in 1916 was 
80.5 bushels, a low average for recent years which combined with 
an acreage below the usual to produce a deficient crop. 

During the 9-year period 1866-1874 the average yearly yield of 
potatoes per acre was 91 bushels, and the average markedly declined 
to 71.3 bushels in the 10-year period 1885-1894. Perceptible recov- 
ery was made in the following 10-year period, and much larger re- 
covery, rising to a new high-water mark, was reached in the 10-year 
period 1905-1914 with its average yield of 97 bushels per acre. In 
20 years the productivity of the average potato acre has increased, 36 
per cent. This increase is due to various causes and among these are 
greater specialization of production, more intensive treatment, and 
higher fertility of the soil. 

Notwithstanding great improvement in recent years, the average 
yield of potatoes per acre in the United States is low in comparison 
with the averages of prominent potato-producing countries in 
Europe. For the 10 years 1900-1909 the average production of Ger- 
many is 200 bushels per acre; of the United Kingdom, 193.8 bushels; 
of Austria, 151.1 bushels; of France, 133.8 bushels; of Hungary, 
118.7 bushels; and of European Russia, 99.9 bushels; while during 
the same period the United States averaged 91.4 bushels. 
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PER CAPITA. 


For the crop year beginning in 1849 the per capita production of 
potatoes was 2.9 bushels, for 1859 it was 3.6 bushels, for the 10-year 
period 1885-1894 the yearly average was 2.9 bushels, or lower than 
that of any other period. The average was 3.45 bushels in the 
following 10-year period, and increased in the next 10-year period, 
1905-1914, to 3.8 bushels per capita. 

While total potato production per capita has increased since 
the 10-year period 1885-1894, the production per acre compared 
with population has slightly declined during the same time. Per 
1,000,000 of population the production of potatoes per acre was 1.07 
bushels in 1905-1914, and 1.15 bushels in 1895-1904 and 1885- 
1894. In former years the yield of potatoes per acre per 1,000,000 
of the population was much higher and amounted to 1.72 bushels 
im 1875-1884, and 2.34 bushels in 1866-1874. Increase of produc- 
tivity per capita per acre did not keep pace with increase of popu- 
lation from 1866-1874 to 1905-1914. The gain of production per 
capita in recent years has been more because of increased total 
acreage than because of increased production per acre. 


VALUE OF CROP. 


PRICE PER BUSHEL. - 


The record of the average price per bushel received by farmers for 
potatoes extends back to 1866, when the estimate for the United 
States was first made by this bureau. Great variations are found in 
the average annual prices since that time, and by far the highest 
price was reached for the crop of 1916, $1.46 per bushel. A price as 
high as 97 cents per bushel was reached for the crop of 1917, 91 
cents for 1881, 80 cents for 1911, and 76 cents for 1901. On the 
contrary, prices have gone as low as 26 cents per bushel for 1895, 
29 cents for 1896, 34 cents for 1875, and 35 cents for 1889. 

Among the 10-year periods the highest average price per bushel of 
potatoes at the farm is for the period 1905-1914, when it was 59.1 
cents per bushel. Proceeding backward in time, the price was lower 
in each preceding 10-year period until the price of 49.6 cents per 
bushel is found in 1875-1884. During the 9 years preceding that 
period the average was 56.6 cents per bushel, or a little under the 
average of the latest 10-year period. 


TOTAL VALUE OF CROP. 


The first estimate of the value of the farmers’ potato crop was 
$50,723,000 for 1866. The total steadily increased to $99,291,000 
for 1881, followed by a period of depression in total value with 
sudden recovery to $113,291,000 for 1890, the highest amount to that 
year. The next year to register high-water mark was 1901, the total 
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value for which was $151,602,000; by 1908 the total had reached 
$210,618,000, and the total for 1915 was $221,992,000; 1916 wit- 
nessed an enormous increase in total value, for which year the 
estimate is $419,333,000, and this amount was much exceeded by 
$543,865,000 in 1917. 

A strong tendency to increase from one 10-year period, to the next 
is in evidence. The average total value of the farm potato crop for 
1866-1874 was $63,799,000; for 1895-1904 it was $117,012,000; and 
during the following 10 years the average greatly increased to 
$202,855,000. 

AVERAGE VALUE PER ACRE. 

Upon relating the total value of the potato crop to the total acreage 
and computing the average value per acre, it appears that from the 
period 1866-1874 to 1885-1894 the average declined from $51.34 to 
$35.98. Then followed the somewhat higher average of $39.03 per 
acre for 1895-1904 and the remarkable increase of 1905-1914 resulting 
in an average of $57.28 per acre. 


PERCENTAGE OF SUPPLY. 


Production may now be viewed in relation to the national supply 
of potatoes, the understanding of the word ‘‘supply”’ bemg the entire 
quantity of potatoes produced in this country and received from 
other countries as imports. This supply is diminished by the exports 
of the domestic crop, but if there were no domestic exports the supply 
would be equal to the consumption. So small relatively are the 
imports of potatoes that the production has been from 98.4 to 99.8 
per cent of the supply in 10-year periods; and these percentages 
approximately represent the range for value, that is, the percentage 
that the value of the crop is of the value of the supply. 


IMPORTS. 


QUANTITY RECEIVED. 


x 


Potatoes do not occupy a place of perceptible importance in the 
import trade of this country, except in a small degree in years when 
the production is deficient. As before stated, the production of pota- 
toes in the United States is usually approximately the consumption, 
but let the production fall perceptibly below the customary con- 
sumption and imports begin to arrive from countries whose export 
trade is attracted by the higher prices of this country. So it has 
happened, for instance in the fiscal year beginning July 1, 1876, a 
year of low production, that the imports of potatoes, which had pre- 
viously been relatively very small, suddenly amounted to 3,206,000 
bushels; again in 1881, another year of low production. the imports — 
reached 8,790,000 bushels; the next year of low production, 1887, 
was a year of imports amounting to 8,260,000 bushels; again in the 
similar year 1901 the imports were 7,656,000 bushels; and in 1908 
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they were 8,384,000 bushels. The largest amount of imported pota- 
toes ever received by this country in one year was in 1911, when the 
quantity reached 13,729,000 bushels, and that was a year of large 
deficiency. 

The annual averages presented by periods of years do not reach 
half a million bushels before the period 1875-1884, when the aver- 
age yearly imports were 2,158,000 bushels. In the next 10-year 
period the average was 3,018,000 bushels, followed by 1,401,000 
bushels in 1895-1904, and by 2,946,000 bushels in 1905-1914. 

In a year of large imports the bulk of them is consigned from the 
United Kingdom, but in other years, when the import movement is 
relatively small, the larger fractions of the imports are usually from 
Canada and Bermuda, with Germany perhaps third in order, and 
Mexico and the Netherlands following. 


VALUE OF IMPORTS. 


The average annual value of the imported potatoes was $1,506,000 
in the period 1905-1914, and this average was not previously equaled 
in any 10-year period. Previous to 1875-1884 the average was much 
below $1,000,000. 

The values of imports are the values of the goods in foreign coun- 
tries and do not include the costs of transportation from the foreign 
point of shipment to this couutry, nor the import duty of this coun- 
try, if any. 

The computed average import value of imported potatoes per 
bushel reached as high a figure as 61 cents for 1865-1874, and de- 
clined to 44.7 cents per bushel for 1885-1894, after which there was 
an increase to 51.1 cents per bushel in 1905-1914. 


PERCENTAGE OF PRODUCTION. 


The imports of potatoes as a percentage of potato production 
in this country have never exceeded 1.65 per cent of the crop, as an 
annual average for any 10-year period, this average being for 1885- 
1894. The lowest period average, 0.22 per cent, is found for 1866- 
1874. For the 10 years, 1905-1914, the imports were 0.86 per cent 
of the production. The percentages for value do not differ mate- 
rially from pBose for quantity of potato imports. 


PERCENTAGE OF THE SUPPLY. 


Potato production and supply beimg so nearly the same, the im- 
ports of potatoes are related to the supply quite the same as they 
are to the production. The imports of the 10-year period 1905-1914 
were 9.85 per cent of the supply. The largest ratio for any period, 
1.62 per cent, is for 1885-1894, and the smallest ratio, 0.22 per cent, 
is for 1866-1874. The corresponding percentages for value are not 
materially different. 
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SUPPLY. 


QUANTITY OF POTATOES. 


As a total of potato production and imports, the supply of po- 
tatoes in this country increased, with various recessions, from 111,- 
100,000 bushels in 1859 to 208,590,000 bushels in 1883, to 352,- 
449,000 bushels in 1904, and to 420,982,000 bushels in 1912, the 
largest supply of potatoes ever in the possession of this country, 
except in 1917. The supply of 1913 was 335,171,000 bushels; of 
1914, 410,191,000 bushels; and of 1915, 359,930,000 bushels. 

As indicated by 10-year averages, the supply of potatoes has 
steadily increased until the average annual supply of the 10-year 
period 1905-1914, 346,340,000 bushels, was reached. This is a large 
increase over the average of the preceding 10 years, 262,625,000 
bushels. The average for the 9 years, 1866-1874, was 113,055,000 
bushels. | 

PER CAPITA. 

The per capita supply of potatoes in this country was 2.92 bushels 
for 1849. For the 9 years, 1866-1874, the annual average was 2.89 
bushels; during the next period, 1875-1884, the average was 3.27 
bushels; and during the next two 10-year periods it was 2.99 and 3.47 
bushels. The largest average for a period is 3.79 bushels per capita 
for 1905-1914. 

VALUE OF THE SUPPLY. 

The value of the potato supply in this country is first known for 
the year beginning in the year 1866, for which it was $50,810,000. 
By 1890 the value had risen to $116,089,000, and by 1908 it had 
risen to $214,295,000. The largest value is for 1916. For 1914 it 
was $199,734,000, for 1915, $222,324,000, and for 1916, $424,035,000. 


DOMESTIC EXPORTS. 


QUANTITY. 


The exports of domestic potatoes are not subject to the wide range 
found in the case of imports. These exports did not reach 1,000,000 
bushels until 1904, ‘nor 2,000,000 bushels until 1910. By reason of 
the European war, the exports of domestic potatoes amounted to 
3,135,000 bushels in the fiscal year begmmning in 1914, to 4,018,000 
bushels in 1915, and 2,489,000 bushels in 1916. 

Previous to the war, in recent years more than one-half of the 
exports of domestic potatoes have been shipped to Cuba, about one- 
seventh to one-fifth to Canada, about one-tenth to Panama, and 6 
to 8 per cent to Mexico. 
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PER CAPITA EXPORTS. 


As may be inferred from the total amount, the per capita exports 
of domestic potatoes are represented by exceedingly small ratios. 
These hardly equal 0.01 per cent in the 10-year periods previous to 
1905-1914, but for this period the ratio is 0.017 per cent. 


VALUE OF EXPORTS. 


The exports of domestic potatoes did not reach the value of 
$1,000,000 previous to 1906, nor the total of $2,000,000 previous to 
1914, for which year the amount is $2,346,000. In the following 
year the value of exports of domestic potatoes reached the com- 
paratively high amount of $3,486,000 and in 1916 the high value of 
$3,514,000 was reached. 

From an export value of $99,000 in 1849, the exports of domestic 
potatoes rose to a value of $525,000 as an average for 1895-1904, and 
an average of $1,298,000 for 1905-1914. 

From 1850 to 1914 the period averages of the value of exports of 
domestic potatoes range from 70.6 cents to 80.7 cents per bushel; for 
1849 the average was 63.8 cents per bushel. 


PERCENTAGE OF PRODUCTION. 


Exports of domestic potatoes as a percentage of production pre- 
sent an obscure appearance. During no year has the fraction been 
as great as 1 per cent of the production except for 1916, when it was 
1.12 per cent. The average for the 10-year period 1905-1914 was 
0.47 per cent, and this was the average for the period 1866-1874. 
During the intermediate periods the fractions range from 0.28 to 0.36 
per cent of the production. The percentages that the values of the 
domestic exports are of the values of the production do not differ 
materially from those representing quantities. 


PERCENTAGE OF THE SUPPLY. 


The potato supply is so nearly the same as the production that 
the exports of domestic potatoes are represented, by percentages of 
the supply that are very nearly the same as the percentages. of 
production. For the 10-year period 1905-1914 the exports of 
domestic potatoes were 0.46 per cent of the supply, a larger percentage 
than for any period subsequent to 1866-1874. 


PERCENTAGE OF CONSUMPTION. 


Potato consumption as well as supply is nearly the same as pro- 
duction, and consequently the exports of domestic potatoes have 
about the same fraction of consumption as they do of production. 
In the period 1905-1914 the average fraction of the consumption 
represented by the domestic exports is 0.5 per cent, a figure that 
is not exceeded for any period. 
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FOREIGN TRADE SURPLUS. 
QUANTITY. 


Previous to 1895 the imports of potatoes more generally exceeded 
the exports of domestic potatoes than they were exceeded by them, 
but subsequent to the year mentioned the more frequent fact is an 
excess of domestic exports over imports of potatoes. These remarks 
apply in a consideration of the separate years, but in a consideration 
of periods of years the imports exceed the domestic exports for every 
group except 1866-1874. The reason why the character of the indi- 
vidual years in later time is contradicted by the character of the 
later groups of years is found in the comparatively large imports of 
a few years when the production was deficient. The more common 
fact since 1895 is that the United States is a surplus country in 
potato production, and yet this country never had a surplus of 
potatoes amounting to 1,000,000 bushels in any year previous to 
1906. For that year the surplus was 1,354,000 bushels; for 1910 the 
surplus was 2,165,000 bushels; for 1914 it was 2,866,000 bushels, and 
for 1915 it was 3,809,000 bushels, the highest amount ever reached. 
On the other hand, the excess of imports has run as high as 12,492,000 
bushels in 1911, and amounted to more than 7,000,000 bushels in 
each of the years 1901 and 1908. 

The surplus of foreign trade movement of potatoes, whether 
surplus imports or surplus domestic exports, makes a small ratio to 
population, in no case amounting to as much as one-tenth of 1 bushel 
except in 1881, when the ratio of surplus imports was 0.163 of 1 
bushel, and in 1887 and 1911, with the same ratio, 0.133 of 1 bushel. 
These were years of extraordinary potato imports on account of defi- 
cient production. 


VALUE OF SURPLUS. 


The value of the surplus imports of potatoes over the domestic 
exports, found in every group of years except 1865-1874, in no 
instance reaches an amount higher than $950,000, the average for 
1885-1894. The average value for 1895-1904 was $160,000, and for 
1905-1914 it was $208,000. 


PERCENTAGE OF PRODUCTION. 


In no year does the quantity of the surplus exports of domestic 
potatoes over the. imports amount to as much as 1 per cent of the 
production, except 1.06 per cent in 1915, and in no 10-year period 
is there a surplus of domestic exports except in 1866-1874, for which 
period the surplus is 0.24 per cent of the production. 

The surplus imports of potatoes have run as high as 7.68 per cent 
of the production, this figure being for 1881; but usually the per- 
centage has been below 1. For the 10-year groups of years the sur- 
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plus imports as a percentage of the production range from 0.25 per 
cent for 1895-1904 to 1.36 per cent for 1885-1894. The value of the 
surplus imports of potatoes bears about the same relationship to the 
value of the production as the quantity of the surplus imports does 
to the quantity of the production, whether the subject be considered 
by groups of 10 years or by years separately. 


PERCENTAGE OF CONSUMPTION. 


The surplus imports of potatoes have been as high as 7.13 per 
cent of the consumption, in 1881, and no other year has as high a 
percentage, but often the percentage is less than 1. All of the 10- 
year periods except 1866-1874 are represented by a surplus of imports: 
of potatoes, with fractions of consumption in no case higher than 
1.3 per cent for 1885-1894. 

The surplus exports of domestic potatoes in years when this fact 
is found have always been less than 1 per cent of the consumption, 
except 1.07 in 1915. 

CONSUMPTION. 


QUANTITY. 


In 1849 this country consumed 65,815,000 bushels of potatoes. 
Fifty years ago the yearly consumption of potatoes. was about 
100,000,000 bushels. During the 9 years 1866-1874 the yearly con- 
sumption averaged. 112,522,000 bushels. The annual average in- 
creased to 261,889,000 bushels during the 10-year period 1895-1904, 
after which there was a great increase to 344,733,000 bushels during 
1905-1914. In 1915 the consumption was 355,912,000 bushels, and 
in 1916, 287,533,000 bushels. _ 

Ieee is no carry over of potatoes from the ota to the new con- 
sumption year. The last of the crop of the former year is disappearing 
as the early crop of the present year is coming to market. Conse- 
quently there is no carry over of potatoes from one consumption 
year to the next to modify the computed consumption. Since 1900 
the lowest consumption of potatoes was 205,754,000 bushels in 1901, 
and the largest consumption was 418,953,000 bushels in 1912. This 
is the largest quantity of potatoes ever consumed in this country 
in one year, and by a large difference exceeds the higher consumptions 
of other recent years, except the consumption of 1914, which amounted 
to 407,055,000 bushels. 

Potato consumption is almost entirely confined to potatoes pro- 
duced in this country, as appears when attention is given to the quan- 
tities of foreign-produced potatoes. The consumption of foreign 
potatoes in 1849 was 173,000 bushels, and the quantity had risen to 
only 234,000 bushels as an average for 1865-1874. In the next 10 
years the average yearly consumption of foreign potatoes was 
2,158,000 bushels, and the quantity rose to 3,018,000 bushels in the 


14 BULLETIN 695, U. S. DEPARTMENT OF AGRICULTURE. 


10 years 1885-1894. This is the highest average consumption of 
any 10-year period. In the next one the average consumption of 
foreign potatoes fell to 1,401,000 bushels, and in 1905-1914 the aver- 
age rose to 2,946,000 bushels. 

The foregoing averages, expressing consumption of foreign pota- 
toes, are far from stating the fact understandingly, for the reason 
that now and then a year of deficient production comes in which 
there is relatively large importation, although in ordinary years the 
importations are too small to have any perceptible effect upon 
national consumption. Except in deficient years, there has been no 
year in recent times in which the imported potatoes have amounted 
“to as much as 500,000 bushels, and the quantity has usually been 
much less than that. 

In 1910, a year of adequate production, the imports of potatoes 
were 219,000 bushels, but in the following year when there was a 
short crop, the imports amounted to 13,729,000 bushels, the largest 
amount by far ever reached. In the followimg year the imports fell 
to 335,000 bushels, but again in 1913 there was some deficiency in 
production and imports rose to 3,646,000 bushels. In 1914 nomina] 
imports of 370,000 bushels followed, in 1915, 209,000 bushels, and in 
1916, 3,069,000 bushels. 


FOREIGN POTATOES AS A PERCENTAGE OF TOTAL CONSUMPTION. 


Since the home-grown crop usually constitutes nearly the entire 
consumption of potatoes in this country, it may be sufficient to con- 
fine attention to the fraction consumed representing the foreign 
potatoes, and omit references to the complementary percentages rep- 
resenting the home-grown potatoes. In 1849 0.26 per cent of the 
entire consumption of potatoes in this country was of foreign potatoes, 
and, the fraction declined to 0.2 per cent in the average for 1866- 
1874. During the following 10 years the consumption of foreign 
potatoes increased to 1.3 per cent of the total ‘consumption, and 
during the next 10 years, 1885-1894, the average was 1.6 per cent. 
Small though the percentages are, the average for the 10 years 
1895-1904 declined to 0.5 per cent, followed by a slight increase to 
0.9 per cent, the average for 1905-1914. In 1916 foreign potatoes 
were 1.1 per cent of the entire national consumption. 


PER CAPITA CONSUMPTION. 


A conspicuous increase in the per capita consumption of potatoes in 
this country im recent years is made to appear by computing averages 
for 10-year periods. The average per capita consumption in 1849 
was 2.92 bushels, and the quantity slightly declined to 2.88 bushels — 
during 1866-1874. During the following ten years the consumption 
increased to 3.25 bushels, after which there was a decline to 2.98 
bushels in the subsequent 10-year period, followed by 3.46 bushels 
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in 1895-1904. Increase followed in 1905-1914, during which period 
the consumption of potatoes per capita was 3.77 bushels. In 1916 
the per capita consumption was 2.82 bushels. These are low rates 
of consumption when comparison is made with various European 
countries in which the potato is a more prominent article of food. 

In years of deficient production of potatoes the imports do not 
offset the deficiency; they do so only in a small degree, consequently 
the rates of per capita consumption are determined almost entirely 
by the per capita production. For this reason a per capita con- 
sumption as low as 2.28 bushels is found for 1881, 2.40 bushels for 
1887, 2.44 bushels for 1874, and 2.48 bushels for 1890. On the 
other hand, the highest per capita constimption ever reached in this 
country, as far as is known, was 4.56 bushels in 1895. Averages next 
below this are 4.39 bushels in 1912, 4.35 bushels in 1909, and 4.13 
bushels in 1914. 

The foregoing numbers substantially represent the per capita con- 
sumption of domestic potatoes. There is, however, a relatively small 
consumption of foreign potatoes which amounted to 0.008 of 1 bushel 
in 1849, and increased to 0.048 of 1 bushel in 1885-1894. During 
the next 10 years the average consumption of foreign potatoes was 
0.019 of 1 bushel, and during the 10 years 1905-1914 the average was’ 
0.032 of 1 bushel. For 1916 the consumption was 0.03 of 1 bushel. 

All persons in a family do not eat potatoes and therefore a com-' 
puted consumption per family may be better understood than the 
average individual consumption. In 1849 the average family con- 
sumption was approximately 16.35 bushels yearly, and the quantity 
declined during the two 10-year periods 1885-1894 and 1895-1904 to 
14.6 and 15.57 bushels per family. During the next 10 years, 
1905-1914, the per family consumption attained the highest 10-year 
average, 16.965 bushels. 

The per capita and per family average consumptions above given 
include potatoes used in this country for all purposes—not only for 
human food, but for seed, for feeding to live stock, for manufacturing 
potato starch, and other products, if any, and some degree of waste. 
In 1899, according to the census report on manufacturers, 3,952,358 
bushels of potatoes were used for making potato starch; 3,489,542 
bushels in 1904, 3,510,135 bushels in 1909, and 2,831,313 bushels in 
1914. The quantities of potatoes so used during these three years 
were from about 1 to 14 per cent of the production of potatoes. 

The seed requirements of the potato crop in this country have been 
ascertained by this bureau to be 8.6 bushels per acre as an average 
for the United States, but with a range of from 7 to 12 bushels in 
different parts of the country. During the 10-year period 1905-1914 
the average production of potatoes per acre was 97.0 bushels, and of 
this production 8.6 bushels were used for seed, or 8.9 per cent of the 
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crop. Therefore about 10 per cent of the potato crop is used annually 
for seed and starch making. There is no information concerning the 
quantity or fraction of the crop fed to live stock. As a matter of 
general information, however, the fraction is believed to be very 
small. It appears that if the computed per capita consumption of 
potatoes is diminished by about one-tenth, the remainder will indicate 
closely the per capita consumption of this crop for human food, live- 
stock feed, and waste. After thus making the computation, the 
per capita consumption of potatoes for human food and animal feed, 
with unknown waste, was 3.39 bushels during the 10 years 1905-1914, 
or about 154 bushels per family. This average otherwise expressed 
is equivalent to about 14 pecks per family per week throughout the 
whole year, and for all the families in the United States. For no 
10-year period previous to 1905-1914 has consumption of potatoes 
in this country per capita and per family been as large as the averages 
for this period. 
PERCENTAGE OF PRODUCTION. 

In the 10-year averages the consumption appears to be greater than 
the production and has been so in fact for the reason that in excep- 
tional years, when production has been very deficient, imports have 
relatively largely increased for thesedeficient years. Inaconsideration 
of the subject year by year, however, it is certain that since 1894 the 
‘more general fact has been that the consumption has been below the 
production. The difference either way in a consideration by years 
is usually very small both absolutely and relatively. 

During the period 1866-1874 the consumption of potatoes was 99.8 
per cent of the production; in 1885-1894 the consumption was 101.4 
per cent of the production; in the following 10-year period it was 
100.3 per cent; and in 1905-1914 it was 100.4 per cent of the pro- 
duction. In a consideration of this subject by years the percentage 
is more generally a fraction under 99 per cent than it is above 100 
per cent. 

Since a portion of the potato crop is always exported, the con- 
sumption of home-grown potatoes must necessarily be under 100 
per cent of the production. The percentage is almost invariably 
a fraction under 100, and in only one year since 1865 is it as much 
as a fraction below 99 per cent of the crop. 


PERCENTAGE OF THE SUPPLY. 


What has been said under the preceding head concerning the con- 
sumption of potatoes as a percentage of production applies without 
material qualification to the consumption of potatoes as a percentage 
of the supply. During all years the fraction is usually more than 
9934 per cent. 
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The 10-year period 1905-1914 represents statistical conditions in 
regard to potatoes in this country free of war influences, except in so 
far as they affect 1914, and the effect of this abnormal year is quite 
Jost in the 10-year average. 

During this period 343,394,000 bushels of potatoes were harvested 
annually from 3,541,000 acres, with an average production of 97.0 
bushels per acre, or more per acre than during any previous 10-year 
period. : 

The production was 3.76 bushels per capita, or more than in any 
previous 10-year period, although the production per acre per 
1,000,000 population, 1.07 bushels, was less than in any previous 
10-year period. Production per acre in relation to population steadily 
declined from one period to the next until 1905-1914. 

During the latest 10-year period the average price of potatoes per 
bushel at the farm was 59.1 cents, or somewhat higher’than at any 
previous period. This price computes the average total value of the 
potato crop at the farm at $202,855,000 during this period, so that 
the average value of this crop per acre during the period was $57.28, 
or considerably more than at any preceding period. The quantity 
of the production, still having this period in mind, is 99.1 per cent of 
the supply, and the value of the production is 99.3 per cent of the 
value of the supply. 

The average imports of potatoes during this period were 2,946,000 
bushels, with an import value of $1,506,000, or 51.1 cents per bushel. 
These imports were 0.86 per cent of the quantity of the production 
and the value of these imports was 0.74 per cent of the value of the 
production. Upon making a similar comparison with the supply, it 
is found that these imports were 0.85 per cent of the quantity of the 
supply and 0.74 per cent of the value of the supply. 

During this period the average annual supply of potatoes in this 
country has amounted to 346,340,000 bushels, or 3.79 bushels per 
capita, a ratio that considerably exceeds that of every preceding 
period. The average value of this supply amounts to $204,361,000. 

An average annual export of 1,608,000 bushels of domestic pota- 
toes appears for the 10-year period under consideration, and these 
potatoes had an average export value of $1,298,000, or 80.7 cents 
per bushel. The imports of potatoes have increased during the last 
30 years, and on the other hand it is plain that the exports of domes- 
tic potatoes have considerably increased, although the total is still 
small. The per capita exports of domestic potatoes in the latest 
10-year period are only 0.017 of 1 bushel per capita. The exports of 
domestic potatoes in this period were 0.47 per cent of the quantity 
of the production and 0.64 per cent of the value of the production. 
Corresponding percentages for the supply are nearly the same as 


18 BULLETIN 695, U. S. DEPARTMENT OF AGRICULTURE. 


those for production. As a percentage of consumption, the exports 
of domestic potatoes during this period averaged 0.5 per cent. 

During this 10-year period the imports of potatoes exceeded the 
exports of domestic potatoes on the average by 1,339,000 bushels, 
valued at $208,000, but this preponderance of imports is due to the 
exceptionally large imports in 1908 and 1911, which were years of 
very deficient production. The more general fact during the last 20 
years is one of surplus of exports of potatoes rather than of imports. 
The surplus imports of this period are 0.015 of 1 bushel per capita, 
0.4 per cent of the quantity of the production, and 0.1 per cent of 
the value of the production. Related to the consumption of potatoes, 
the surplus imports of this period were 0.4 per cent. 

Potato consumption during the period under review has amounted 
to 344,733,000 bushels yearly on the average, of which the potatoes 
of domestic production amounted to 341,786,000 bushels, and foreign 
potatoes to 2,946,000 bushels. The foreign average is largely deter- 
mined by the comparatively high imports of 1908 and 1911, whereas 
the more common. fact during the last 20 years is that the foreign 
potatoes consumed in this country yearly are less than 1,000,000 
bushels. -Of the entire consumption of potatoes during this period 
the foreign potatoes were 0.9 per cent and the domestic potatoes 
were 99.1 per cent. 

The per capita consumption of potatoes for all purposes during 
this period was 3.77 bushels, of which the domestic potatoes were 
3.74 bushels and the foreign potatoes 0.032 of 1 bushel. As pre- 
viously explained, the total per capita consumption of potatoes 
should be reduced by about one-tenth on account of seed and the 
- manufacture of starch, leaving a per capita consumption of 3.39 
bushels yearly during this period for human food, animal feed, and 
waste. 

During this period the consumption of domestic and foreign pota- 
toes was on the average 100.4 per cent of the production, but, as 
before stated, this result is due to the unusually large imports of 
1908 and 1911, the more general fact in recent years being that con- 
sumption is slightly less than production. ‘The consumption of 
domestic potatoes during this period was 99.5 per cent of the pro- 
duction. Computed upon the total supply of potatoes, the total 
consumption during this period averaged 99.5 per cent. 


HISTORICAL TABLES. 


The four tables that are appended to the text of this bulletin were 
prepared and are published especially for their historical value. 
They constitute a statistical record concerning this principal vege- 
table crop which in its entirety and in many details has not hereto- 
fore been published, and afford a basis upon which to build similar 
information year by year. 
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TasBLe 1.—Acreage, production, price, and value of potatoes in the United States, 1849- 


LBL. 
Production. Price and value at farm. " 
: Production as 
a percentage 
Per capita. of supply. 
Year, or | Harvested rea a 2 se Aver- 
period. | acreage. Pp P age age 
Total. or er | Price | Total value. | value 
acre. acre per| per ae yee 
Total. 1,000,000] bush- = eo. | tite, | Value. 
popula-| el. ; y- 
tion. 

: Acres. Bushels. Bush.| Bush.| Bush. Cts. Dollars. Dolls. | Per ct.| Per ct. 
TOs Aen eae ee 65, 797, 896 |...---- DUO | 5. “ARN Ses Re as MEIER [oc aa 99472 sae ne 
TRG oe bore a! eee 111,099, 867 |......- ShGB 1... 5 Mame | aane Oe [Noe Eee ERS We ks 100808 |@aenons 
1866....-.- 1,069,381 | 107,200,976 | 100.2] 3.00 2.78 | 47.3 50, 722,553 | 47.43 | 99.8 99.8 
1867...... 1,192}195 | 97,783,000 | 82.0] 2.68 2.28| 65.9| 64,462,486 | 54.07] 99.8] 99.8 
1868...... 1,131,552 | 106,090,000 | 93.8] 2.86 2.54] 59.3 62,918, 660 | 55.60 | 99.9 99.9 
S69 ss 2232 1,309,018 | 143,337,473 | 109.5 | 3.79 2.88 | 42.9 61,491,776 | 46.98 | 99.9 99.9 
S10 235202 1,325,119 | 114,775,000 | 86.6]. 2.98 2.22} 65.0 74, 621,019 | 56.31 | 99.6 99.7 
1Spk esse: 1,220,912} 120,461,700 | 98.7] 3.03 2.47 | 53.9 64,905,189 | 53.16 | 99.9 99.9 
1872.....- 1,331,331 | 113,516,000 | 85.3] 2.78 2.08} 53.5 60,692,129 | 45.59 | 99.7 99.7 
S73 eS 1,295,139 | 106,089,000 | 81.9] 2.52 1.95 | 65.2 69,153, 709 } 53.39 | 99.5 99.5 
1874_..... 1,310,041 { 105,981,000] 80.9| 2.45 1.88| 61.5] 65,223,314] 49.79] 99.8] 99.7 
AST Oe: 1,510,041 | 166,877,000 | 110.5] 3.76 2.51] 34.4| 57,357,515 | 37.98] 99.9] 99.8 
1S(Geo2< s2 1, 741, 983 124,827,000 | 71.7] 2.74 1.56 | 61.9 77,319, 541 | 44.39 | 97.5 97.9 
18770: 1, 792,287 | 170,092,000 | 94.9] 3.64 2.02 | 43.7] 74,272,500 | 41.44] 99.7] 99.7 
TS(S3 50 1,776,800 | 124,126,650] 69.9) 2.59 1.46 | 58.7 72,923,575 | 41.04 | 97.9 98.2 
1879.5. 3% 1, 713,433 | 169,458,539 | 98.9] 3.46 2.02} 43.6 73, 883,923 | 43.12} 99.6 99.6 
TGS eae aee 1,842,510 | 167,659,570] 91.0] 3.34 1.82] 48.3] 81,062,214] 44.00] 98.7] 98.9 
ASST eee 2,041,670 | 109,145,494 | 53.5} 2.12 1.05] 91.0 99,291,341 | 48.63 | 92.4 95.5 
S82 eo 2,171,636 | 170,972,508 | 78.7] 3.24 1.48] 55.7 95,304, 844 | 43.89 | 98.6 98.9 
1 (e525 ja ene 2,289,275 | 208,164,425] 90.9] 3.86 1.68 | 42.2 87,848, 991 | 38.37] 99.8 99.8 
1884.2... 2,220,980 | 190,642,000 | 85.8] 3.44 1.56] 39.6 75, 524,290 | 34.00 | 99.7 99.7 
1885.03. 2,265,823 | 175,029,000 | 77.2] 3.10 1.35 | 44.7] 78,153,403 | 34.49] 98.9] 99.2 
1886...... 2,287,136 | 168,051,000 | 73.5] 2.91 1.27| 46.7] 78,441,940 | 34.30] 99.2] 99.3 
LEST 2,357,322 | 134,103,000 | 56.9} 2.27 -96 | 68.2 91,506, 740 | 38.82 | 94.2 96.1 
1888...... 2,533,280 | 202,365,000 | 79.9| 3.35 1.33 | 40.2 81,413,589 | 32.14} 99.6 99.6 
NSSOr cee 2,600,750 | 201,200,000 | 77.4] 3.26 1.25] 35.4 71,294,000 | 27.41 | 98.3 98.1 
1890.....-. 2,653,000 | 150,494,000 | 56.7] 2.39 -90 | 75.3} 118,291,000 | 42.70] 96.5 97.6 
1891...... 2; 732,000 | 256,122,000 | 93.7] 3.99 1.46 | 35.6] 91,229,000 | 33.39] 99.9] 99.8 
1892...... 2,650,000 | 164,516,000 | 62.1) 2.51 -94] 65.5] 107,835,000 | 40.69 | 97.4 98.1 
TeSit 3 3d alan 2,722,000 | 195,040,000 | 71.7}. 2.92 1.07 | 58.4] 113,886,000 | 41.84] 98.5 98.9 
1894...... 2,891,000 | 183,841,000! 63.6] 2.70 -94] 52.9 97,330,000 | 33.67} 99.3 99.4 
ihe a rapa 3,101,000} 317,114,000 | 102.3) 4.56 1.48 | 26.2 83,151,000 | 26.81} 99.9 99.8 
1896...... 2,974,000 | 271,678,000 | 91.4] 3.84 1.29] 29.0] 78,757,000 | 26.48] 99.9] 99.8 
TR pastes 2,813,000 | 191,025,000} 67.9} 2.65 -94] 54.8] 103,442,000 | 36.77] 99.4 99.5 
1898. ..... 2,841,000 | 218,772,000 | 77.0] 2.98 1.05} 41.5 90,897,000 | 31.99 | 99.8 9957 
1899... 2,938,778 | 259,027,000 | 88.6 | 3.47 1.18 | 39.6] 102,510,000 | 34.88} 99.9] 99.9 
1900... ... 2,987,000 | 247,759,000} 82.9] 3.26 1.09 | 42.3] 104,764,000 | 35.07] 99.9] 99.8 
Ty ace 2,996,000 | 198,626,000] 66.3] 2.56 -85| 76.3] 151,602,000 | 50.60] 96.3] 98.0 
1902-2. 3,078,000} 293,918,000 | 95.5} 3.71 1.21} 46.9} 137,730,000 | 44.75 | 99.9 99.8 
1903...... 3,080,000 | 262,053,000} 85.1} 3.24 1.05] 60.9] 159,620,000 | 51.82; 98.8 98.8 
1904...... 3,172,000 | 352,268,000 | 111.1] 4.27 1.35} 44.8] 157,646,000 | 49.70] 99.9 99.9 
1905: -... 3,195,000 | 278,885,000 | 87.3] 3.32 1.04} 61.1] 170,340,000 | 58.31] 99.3 99.5 
A906) 2 22 )0% 3,244,000 | 331,685,000 ; 102.2) 3.87 1.19] 50.6} 167,795,000 | 51.72] 99.9 99.9 
itt eee 3,375,000 | 322,954,000 | 95.7] 3.70 1.10} 61.3] 197,863,000 | 58.63] 99.9 99.9 
TODS oe 3,503,000 | 302,000,000 | 86.2] 3.40 -97| 69.7] 210,618,000 | 60.13 | 97.3 98.3 
1909...... 3,668,855 | 394,553,000 | 107.5 | 4.36 1.18] 54.2] 213,679,000 | 58.24| 99.9] 99.9 
1910...... 3,720,000 | 349,032,000] 93.8] 3.79 1.02] 55.7] 194,566,000 | 52.30] 99.9] 99.9 
ROHR : 3,619,000 | 292,737,000 | 80.9] 3.12 .86 | 79.9] 233,778,000 | 64.60] 95.5] 97.0 
1912. ....: 3,711,000 | 420,647,000 | 113.4] 4.41 1.19] 50.5] 212,550,000 | 57.28 | 99.9 99.9 
aa 3,668,000 | 331,525,000 | 90.4] 3.42 -93 | 68.7] 227,903,000 | 62.13] 98.9] 99.2 
BOTA es 8,711,000 | 409,921,000 | 110.5] 4.16 1.12} 48.7} 199,460,000 | 53.75} 99.9 99.9 
MOTD: zoe: 3, 734,000 | 359,721 000 | 96.3) 3.59 -96| 61.7] 221,992,000 | 59.45] 99.9 99.8 
1916...... 3,565,000 | 286,953,000 | 80.5] 2.82 .79 | 146.1] 419,333,000 |117.62 | 98.9] 98.9 
1917 (pre- 

limina- 

ry).---| 4,390,000 | 442,536,000 | 100.8] 4.28 97 | 122.9 | 543,865,000 |123.89 |....-..]..-.--- 
LDS ee es ee 65, 797, 896 |.-..--- 2-91)... ee eee lee 22 estes =| bale 9957: |-2 Seles 
ESC Sa eae ete eae 111,099, 867 |....... 3.63) |) ae |< ccz-o-cl| cles rue el Nate an eine Peete 
1866-1874.| 1,242,743 | 112,803,794 | 91.0] 2.89 2.34] 56.6 63, 798, 982 |. 51.34 | 99.8 99.8 
1875-1884.| 1,910,062] 160,196,519 | 84.6] 3.22 1.72] 49.6 79,478,873 | 41.61} 98.7 98.7 
1885-1894 | 2,569,231 | 183,076,000] 71.3] 2.94 1.15] 50.5] 92,438,067 | 35.98 | 98.4] -98.6 
1895-1904.| 2,998,078 | 261,224,000 | 87.1] 3.45 1.15] 44.8 117,011,900 | 39.03 | 99.5 99.4 
1905-1914.| 3,541,486 | 343,393,900 | 97.0} 3.76 1.07 | 59:1} 202,855,200 | 57.28 | 99.1 99.3 
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TaBLE 2.—Imports and supply of potatoes of the United States, 1849-1916. 


Year, or 
period. 


Bushels. 


172, 912 
2997 132 
322) 293 


353, 082 
306, 187 


Quantity. 


Imports, gross, or for consumption. Supply. 
Percentage of | Percentage of « 
Import value. production. supply. Quantity. 
Per | Quan- Quan- Per aie 

Total. bushel.| tity. Value. tity. Value. Total. capita 

Dollars. | Cents.| Bush. | Dolls. | Bush. | Dolls. Bushels. Bush.| Dollars. 
48,635 | 28.1| 0.26 |.....-- (0! 26% ae: 6559708808) |Me292) nae 
DLE AAT SBI: Bia | eres = Has] Maes Ao Ng TS AA iy SO 7 pA eee 
TUS YAFh ty a elas See er Co a ay ol [eae (SS Se 
925870) Wa 2O53\ee 2 tose See el cee fees Sete [ecb sacmence meee cee [Sombie aceemee 
P18 747,41 438.'8::| 2.25 escapees 2) isc ents [oem s Sal cecteclioseerse ne |ooah aeal Oem ameeerers 


a : i 107,399, 241 2 
128, 465 é 5 : . 20 97,992,555 | 2.69 
76,327 | 55 - 13 .12 .13 -12, 106,228,470 | 2.86 
50,507 | 67. -05 - 08 -05 -08 | 148,412,809 | 3.79 
234,303 | 51 - 40 31 - 40 .31 | 115,233,758 | 2.99 
95,308 | 99.0 -08 15 .08 -15 | 120,557,959 | 3.04 
209,294 | 60.3 30 . 34 -30 .34 | 113,862,840 | 2.79 
331,370 | 60.4 - 52 -48 .51 -48 | 106,638,073 | 2.54 
166,981 | 88.5 .18 . 26 .18 .26 | 106,169,757 | 2.46 
130,361 | 141.5 -05 ey - 06 .23 | 166,969,148 | 3.76 
1,652,963 | 51.6 | 2.57 | 2.14] 2.50] 2.09 | 128,032,555 | 2.81 p 
245,515 | 46.4 -3l 2333 seul .33 | 170,620,584 | 3.66] 74,518,015 
1,345,744 | 51.3] 2.11] 1.85] 2.07] 1.81 | 126,750,799 | 2.65] 74,269,319 
276,454 | 38.3 - 43 8 .42 .37 | 170,180,407 | 3.47 | 74,160,377 
874,223 | 40.3] 1.29] 1.08] 1.28] 1.07] 169,829,942} 3.39] 81,936,437 
4,660,120} 53.0] 8.05] 4.69] 7.45 | 4.48] 117,935,354 | 2.29 | 103,951,461 
1,092,211 | 46.2} 1.38] 1.15] 1.36] 1.13] 173,334,870 | 3.29] 96,397,055 
193,623 | 45.5 21 «22 - 20 22} 208,589,833 | 3.86] 88,042,614 
255,590 | 38.8 35 34 34 -34 | 191,300,633 | 3.46] 75,779,880 
649,009 | 33.5} 1.10 -83 |) 1.09 -82 | 176,966,416 | 3.13] 78,802,412 
543,091 | 37.9 - 85 - 69 . 85 -69 | 169,483,490 | 2.93 | 78,985,031 
3,693,021 | 44.7] 6.16] 4.04] 5.80] 3.88] 142,362,538 | 2.41] 95,199,761 
321,106 | 36.3 . 43 339 43 -39 | 203,248,380 | 3.37] 81,734,695 
1,365,898 | 40.0] 1.70] 1.92] 1.67] 1.88] 204,615,578 | 3.32] 72,659,898 
2,797,927 | 51.8] 3.59] 2.47] 3.47] 2.41] 155,895,912] 2.48 | 116,088,927 
186,006 | 99.5 - 07 . 20 - 07 -20 | 256,308,871 | 3.99} 91,415,006 
2,066,589 | 47.9] 2.62] 1.92] 2.56] 1.88] 168,833,021} 2.58 | 109,901,589 
1,277,194 | 42.5] 1.54] 1.12] 1.52] 1.11] 198,042,578 | 2.96 | 115, 163, 194 
603,554 | 45.0 -73 - 62 =z, -62 | 185,182,533 | 2.72] 97,933, 554 
127,595 | 72.8 - 06 -15 - 06 -15 | 317,289,240 | 4.57] 88,278,595 
145,584 | 59.1 - 09 -18 - 09 18] 271,924,178 | 3.84] 78,902, 584 
473,154 | 40.4 -61 - 46 -61 -46 | 192,196,378 | 2.67 | 103,915, 154 
294,391 | 55.5 ~24 -o2 24 -32 | 219,302,420 | 2.99] 91,191,391 
147,349 | 94.5 - 06 a AP |. 06 -14] 259,182,861 | 3.47 | 102,657,349 
224,759 | 60.4 -15 sol -15 -21 | 248,130,911 | 3:27 | 104,988, 759 
3,160,801 | 41.3] 3.85] 2.08 | 3.71] 2.04 | 206,282,162 | 2.66 | 154,762, 801 
238,445 | 66.5 ne, ail oI) -17 | 294,276,505 | 3.71 | 137,968, 445 
1,870,004 | 59.1} 1.21] 1.17] 1.19] 1.16] 265,219,581 | 3.28} 161,490,004 
168,094 | 92.8 -05 eilit 05 -11 | 352,449,199 | 4.27 | 157,814, 094 
853,063 | 43.8 -70 - 50 - 69 -50 | 280,833,160 | 3.34 | 171,193,063 
192,635 | 108.9 - 05 5th 05 -11 | 331,861,917 | 3.87 | 167,987, 635 
283,032 | 70.1 .12 .14 An) -14] 323,357,952 | 3.70 | 198,146,032 
3,677,034 | 43.9] 2.77 | 1.75] 2.70} 1.72] 310,383,966 | 3.49 | 214, 295, 034 
306,815 | 86.9 - 09 .14 - 09 -14} 394,906,208 | 4.36 | 213, 985,815 
235, 847 | 107.7 - 06 .12 - 06 -12 | 349,250,984 | 3.79 | 194, 801, 847 
7,167,480 | 52.2} 4.69] 3.07] 4.48] 2.97] 306,466,012] 3.27 | 240,945, 480 
302,584 | 90.4 - 08 14 - 08 -14 | 420,981,760 | 4.41 | 212, 852,584 
1,765,940 | 48.4] 1.10 77} 1.09 -77 | 335,170,706 | 3.45 | 229, 668, 940 
274, 242 | 101.7 -07 .14 -07 -14| 410,190,725 | 4.16 | 199,734, 242 
331,631 | 158.6 - 06 -15 - 06 -15 | 359,930,052 | 3.59 | 222,323,631 
1916 (pre- 

limina- 

LY) Sass 3,069,014 | 4,702,408 | 153.2 | 1.07} 1.12] 1.06] 1.11] 290,022,014 | 2.85 | 424,035,408 
18492 3. be 172, 912 48,635 | 28.1 226: |: 5. ee B26 i sees 65597058081 |5.2: O2n oo eee me 
1850-1854. .| 4*320, 156 148587614433) 2)|- 252) ea ee Bes esas||sacneetecesee) SH353 ae koe 4 Maes me 
1855-1864. .| 7*451, 776 OLE 19 (7748.6) 5.5) | eee eee Janos sotleecexer es re et Heeweeedhteatee steers 
1865-1874..} 233,951 142,715 | 61.0 | 9*.22 | 9* 24 | 9¥. 22 | OF. 24 /9*113, 055,051 |9*2. 89 |9*63, 952, 354 
1875-1884. .} 2,157,894 | 1,072,680 | 49.7} 1.35] 1.35] 1.33 | 1.33 | 162,354,413] 3.27] 80,551,553 
1885-1894. .| 3,017,832 | 1,350,340 | 44.7] 1.65] 1.46] 1.62] 1.44] 186,093,932 | 2.99] 93,788, 407 
1895-1904. .| 1,401, 344 685,018 | 48.9 54 - 59 Bas 58 | 262,625,344 | 3.47 | 117,697,018 
1905-1914. .} 2,946,439 | 1,505,867 | 51.1 - 86 .74 85) .7 346, 340,339 | 3.79 | 204,361, 067 
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TABLE 4.—Consumption of potatoes in the United States, 1849-1916. 
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SCOPE OF SUBJECT OUTLINED. 


Yields to the acre are a measure of physical limitations, and producers’ 
prices reflect commercial factors. 

Analysis of extreme sectional differences in prices paid to farmers dis- 
closes zones of uniformly high or low prices, between which prices 
graduate. This price advantage or disadvantage varies with each 
product. 

The geography of farm prices constitutes a controlling element in local 
types of agriculture. 


In the foreground of the present-day problems are those having 
to do with the prices of food products. The importance of geo- 
graphic factors in producers’ and consumers’ prices is not apparent 
in the middle ground represented by average prices and price levels, 
for great differences usually prevail in the prices of a specific 
product in various sections of the country. The trend of this local 
variation differs for each commodity. The lowest wheat prices, 
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for instance, occur in areas wherein relatively high prices prevail 
for corn. In the South lower production, higher prices, and smaller 
consumption of wheat and other cereals go hand in hand. 

Such price differences are not accidental; they are traceable to 
fundamental conditions which in many instances are contrary to 
the general tendencies. Particularly is this true in the producers’ 
price, or “farm price,” which is the basic as well as the first and 
lowest price of food products. 

The present investigation is confined chiefly to the influence of 
producing areas, trade routes, and consuming centers upon prices 
paid to farmers for corn and to a survey of the regional differences 
in such prices. 

Existing types of agriculture are determined by a combination of 
physical and commercial factors. Physical limitations upon most 
agricultural products may be said to be measured by the average 
yield in bushels to the acre. High or low yields per acre decrease or 
increase costs of production. It is also apparent that commercial 
limitations on production are to a large degree reflected in the price 
obtained by the farmer. 

When the varying farm prices of a product are properly charted on 
a map they are seen to increase or decrease in determinate directions. 
The regions of lowest and of highest prices are thus shown clearly, 
also regions or zones of intermediate prices. The directions of the 
price movement vary with each product. Small areas appear where 
farm prices are higher or lower than in the surrounding territory 
or zone. 

The “ geography of farm prices” is thus a controlling element in 
crop selection. Climate and soil are, of course, the dominating 
physical factors which determine local types of agriculture. But 
the local farm price is an index of commercial conditions that are 


hardly less important. Given a sufficiently high price, obviously 


products could be grown profitably under unfavorable physical con- 
ditions. 


DATA EMPLOYED AND METHOD OF TREATMENT. 


“Tsotimes,” the term used for lines bounding areas of like price. 
Counties as basis of measurement, and a five-year average employed to 
distinguish normal from spasmodic price differences. 


«6 4 9 


To the lines delimiting areas of like price the term “ isotimes’ 
(price lines) has been given, similar to “isotherms” and “ isobars ” 
as applied to lines running through points of like temperature or 
barometric pressure. Just as the course of climatic changes is out- 


lined in the latter two so are local or general commercial disturbances — 


reflected in the isotimes. 


1Th. H. Engelbrecht. 
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The county has been used as the basis of measurement in this 
bulletin. It represents the smallest unit of area for which farm 
prices are to be had. The base figures were compiled from the 
annual reports of about 30,000 township reporters of the Bureau of 
Crop Estimates for December 1, 1910-1914, inclusive. Five-year 
averages were used instead of quotations for a single year, in order 
to represent more nearly normal rather than occasional conditions. 

A tabular presentation of the prices of corn, by States and coun- 
ties, is given in the Appendix (p. 45). Geographic variation of 
prices is depicted by means of maps and graphs. 


SURVEY OF BROAD REGIONAL DIFFERENCES IN CORN PRICES. 


Low prices prevail throughout the great corn States, from Ohio to Ne- 
braska; the minimum price paid to producers of corn appears at the 
northwestern end of this section. 

This area of lowest price forms a price depression; prices attain con- 
stantly higher levels toward all points of the compass, at varying 
degrees of increase. 

Maximum prices are paid usually to growers in producing areas farthest 
from the corn belt—in the Southwest and Southeast. 

Although the farm prices of corn will be seen to increase or de- 
crease in definable directions, this movement is somewhat irregular. 
On Map 1 a 10-cent price unit has been used to overcome minor local 
deviations and show more clearly the general trend of the price 
levels. Blank spaces on this map indicate areas of little or no corn 
production, according to the 1910 census. 

It will be observed that the difference in farm prices between the 
highest and lowest region exceeds 60 cents per bushel, or a variation 
of nearly 150 per cent. Under usual conditions the isotimes, or de- 
srees of sectional price difference, as they are delimited on the map, 
prevail without regard to oscillations in the general price level of 
corn. 

The lowest prices paid to corn growers occur within the areas of 
densest production—from western Ohio, across the corn belt, through 
the greater part of Nebraska. This zone of low prices includes sub- 
stantially the heaviest producing sections of all the great corn States. 
It embraces the greatest agricultural region within the United States, 
with highest land values, highest aggregate value of all crops and 
live stock produced. The minimum price of 45 cents a bushel appears 
at its northwestern corner, within an irregular square formed by 
adjacent portions of Iowa, Nebraska, South Dakota, and Minnesota. 

In this region of minimum farmers’ price occurs the lowest price 
depression, away from which prices graduate upward in every direc- 
tion, attaining, as a rule, steadily higher levels toward all points of 
the compass. The maximum prices prevail in the arid Southwest, 
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for the small quantities produced in the irrigated areas. Second 
only to those of this region are the high prices prevailing for corn in 
the Southeast and around the Gulf of Mexico. Very high price 
levels are as a rule attained near the seacoasts. 

A varying degree of increase may be noted in the upward gradua- 
tions, moving away from the described pivotal area of minimum 
price. Due eastward, throughout a large part of the corn States, 
bounded on the south by the Ohio River, prices are marked by com- 
parative uniformity and rise only slightly; but when the Eastern 
States are reached the increases become more pronounced. Toward 
the West, where regions of scant production are not far distant from 
the pivotal area, prices ascend rapidly. Likewise the increases are 
more notable in all directions other than immediately eastward 
through the corn belt. . 


PRICE LEVELS AND COMMERCIAL MOVEMENT OF CORN. 


Practically the entire domestic surplus, as well as nearly all the corn 
entering into general trade channels, originates within the area of 
low prices. 

The lowest price is found in that part of the surplus-producing region 
which is at greatest expense in reaching foreign and domestic markets. 

Farm prices rise in all directions, following the course of corn from the 
territories of surplus to those of deficient production. 

The geographic trend in the price levels of wheat affords an illumi- 
nating comparison. The general level of American wheat prices is 
to a considerable degree influenced by the price received for the sur- 
plus or export wheat, which during the past 10 years constituted 
from 11 to 37 per cent of the production. Lowest prices for wheat 
are paid to farmers in the surplus-producing areas most distant from 
the important foreign and domestic markets—in the Northwest. The 
highest farm prices are found in the sections of deficient production 
which are farthest removed from the surplus-growing areas—in the 
Southeast. Prices rise in the direction of the trade currents to 
markets or territories of insufficient production; and these currents 
vary with each crop, according to the location of producing and con- 
suming region, and according to its uses, characteristics, and distribu- 
tive movement. 

In like manner the farmers’ price of corn may be seen in Map 1 to 
rise steadily in a broad general relation to the trade channels from 
exporting to importing sections. Widely diffused east of the Great 
Plains (see Map 2), and becoming by far the most important 
crop in acreage and aggregate value, corn production is yet concen- 
trated within a relatively small area of dense production in the | 
prairie region of the North Central section. This area comprises 
parts of nine States and forms a triangular section whose base may 
be seen in the eastern parts of Kansas, Nebraska, and South Dakota, 
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Map 2.—Distribution of corn production, 1909 (U. S. Bureau of the Census). 
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cally the entire gross surplus of the country. All other sections pro- 
duce less than their requirements. In the Great Plains and west- 
ward—nearly half the total land area—hardly 2 per cent of the 
national harvest is produced. 

While low price levels rule throughout the surplus-producing area, 
cheapest corn has been observed within its northwestern corner. This 
part is most disadvantageously situated with regard to the important 
domestic and foreign markets, which lie to the East and South. 
From the centrally located corn belt the product moves to practically 
all points of the compass, since all other sections must supplement 
local crops by shipments from this territory. Likewise, prices mount 
in the direction of this flow, attaining steadily higher levels toward 
the areas which (subject to the modifications of local conditions) are 
most distant from the regions of surplus corn. Distance or length 
of haul in this sense is taken to represent differences in transporta- 
tion costs, in which it is ordinarily the chief factor. Other items of 
distributive expense are usually measured in fractions of a cent per 
bushel, and vary but little with distance. 


PREDOMINANT TRADE ROUTES AND PRICE LEVELS, AND LOCAL 
VARIATION. 


In the prevailing drift of the price levels a considerable degree of 
local variation may be seen. Such differences, which are to some 
extent observable on Map 1, are shown more clearly in a later de- 
tailed map. Thus the upgrade—from the pivotal area of lowest 
price in the corn belt—is slower in some directions than in others. 
It is slower throughout the sections where the traffic moves in greatest 
volume or where large local supplies are available—eastward across 
the North Central States; the upgrade becomes more rapid through 
regions of scant production or of relatively little consumption—west- 
ward, for instance. Aside from this irregular increase, many areas 
appear wherein prices paid to farmers are considerably higher or 
lower than in the surrounding regions. 

The manifold uses of grain, plant and cob, as well as the conditions 
surrounding the distribution of the corn crop, result in a somewhat 
intricate commercial and price movement. To account for the drift 
of the price levels it is necessary to consider, briefly, a few interna- 
tional as well as domestic phases of the commerce in corn. To ac- 
count for local variations it is necessary to consider such local fac- 
tors as differences in costs of transportation by wagon, rail or water, 
rural roads, accessibility of markets, the volume and organization of 
the traffic as shown in elevating, and market facilities. 


GEOGRAPHICAL PHASES OF FARM PRICES: CORN. fi 
GENERAL FEATURES OF CORN DISTRIBUTION. 


The United States produces more than twice as much corn as the rest of 
the world combined, but consumes practically its entire crop. Its share 
of the foreign commerce in corn is relatively insignificant. 

Available foreign supplies are small, hence diminished consumption, and 
not international supply, regulates prices in years of domestic shortage. 


AMERICAN CORN IN RELATION TO FOREIGN MARKETS. 
Except in years of domestic shortage, the general level of American 


‘arm prices of corn is to some extent influenced by the prices pre- 
ailing at importing European markets, though to a much less 


WORLD PRODUCTION 
ZEOZ000,000 BUSHELS 


WOLD EXPORTS 
271,000,000 BSUSHELS 


WMIED STATES PRODUCTION 
Wl %6 OR 2,708,000,000 BUSIIELS 


YGM/TED STATES 


OTHER COUNTIES - 
2/.7 Fe OR 
823,000,000 
BUSTLLS 


APRCENTINA 
927 7, OR 

116,000,000 

SOESTLLS 


OTHE? COUNTFVLS 
28 % OF 


75,000, GOO 
SBOUSVVELS 


2 
12 Jo OR 

F2,000, CAP 

SUSHELS 4 


ARGCEWIINA FE fo RPOMAMIA ZC 26 
OP 172,008, O00 BUStVELS DP 101,906,000 BUSYLELS 


‘1G. 1.—Corn: World production and commerce. Figures are averages for the five years 
1909-1913, the latest available data showing usual conditions. They relate to all 
countries for which data are available, and represent, substantially, world production 
and exports. 

narked degree than in the case of wheat, because of the lesser im- 

portance of corn exports. There exists, moreover, a degree of inter- 

elation between corn, wheat, and rye prices. 

The United States ordinarily produces over 70 per cent of the 
vorld’s corn, more than twice the production of the rest of the world 
combined ; yet our exports seldom exceed 14 per cent of the domestic 
yroduction. They averaged in 1909-1913 eae about 15 per cent of 
he world’s exports. On the other hand, Argentina, whose average 
rop is about one-sixteenth that of the United States, contributes 
iearly three times as much as the latter to the world commerce in 
orn—42 per cent of the total exports, or over half of its harvest. 
-ractically all corn exports go to Europe. 

Domestic consumption evidently absorbs practically the entire 
arvest of the United States. But even in our internal commerce 
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only about a fifth of the corn produced enters into trade channels. 
Jt is customary to say that the domestic corn is “marketed on the 
hoof,” that the price of the United States corn crop affects the meat 
markets of the world, rather than the international prices of grain. 
The total consumption for human food, industrial uses and the feed- 
ing of work animals represents only a small share of the crop. For- 
eign harvests and prices do not enter as a regulating factor in years of 
domestic shortage since only relatively small foreign supplies are 
available. A surplus in adjoining countries would ordinarily have 
an effect upon domestic prices, as in the case of Canadian wheat and 
oats, but Canada and Mexico import corn from the United States. 


DOMESTIC DEMAND AND CONSUMPTION VARIABLE. 


The high degree of elasticity in the quantities of corn consumed 
is a notable feature of its use. The annual variation in the United 
States consumption for the six years 1911 to 1916 ranged, roughly, 
from 200,000,000 to 700,000,000 bushels. This fact is suggestive 
when considered in connection with the comparatively stable de- 
mand for other farm products, such as wheat or cotton, under nor- 
mal conditions. Market prices, not only of corn but of live stock 
and live-stock products, govern the extent to which corn is fed to 
live stock, is used for human consumption within the United States, 
or is exported. The prices of other feeds enter also herein. The 
quantity fed to live stock (about three-fourths of the total produc- 
tion) varies greatly according to market conditions affecting each 
class of stock, and the quality of the crop. Especially is this true 
with regard to swine, whose yearly consumption averages about 
7,000,000 bushels, and the number of which varies from year to year. 
High prices or a poor quality of corn result, in their first effect, in an 
unloading of hogs upon the market. The quantity used for in- 
dustrial purposes is relatively stable, but represents a small fraction 
of the production. 

The relative consumption in one section compared with another 
also varies greatly. By States, the per capita production varies 
from less than 1 bushel to 159 bushels. The per capita consump- 
tion for all purposes varies almost as widely. An average of 
nearly one and one-quarter billion bushels, or a little less than 
half the total production, is consumed in the North Central States 
for. feeding purposes alone. Comparatively trifling quantities are 
consumed west of the corn belt. In general, outside of the corn States, 
a much smaller proportion is devoted to feeding purposes, because of 
deficient supply and relatively high price. 
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STATISTICS: DISPOSITION OF AMERICAN CORN CROP. 


Over four-fifths of the crop is consumed on farms; only one-fifth enters 
into general trade channels, part of which is shipped again to farms. 
About one-sixth of the crop is consumed in cities for industrial and other 

purposes. 


g/m < : 
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Fic. 2.—Approximate disposition of the United States corn crop. 


In Table 1 data have been assembled which bear upon factors men- 
loned in the preceding paragraphs. Only about 82 per cent of the 
rop, On an average, is of merchantable quality. The quantity 
shipped out of the counties where grown, constituting in 1911-1915 
mly 19.4 per cent of the aggregate production of the United States, 
nay be said to represent the corn moving into general trade channels; 
nm round numbers, only one-half billion out of the two and three- 
suarter billion bushels. The balance remaining in the counties where 
xrown, $0.6 per cent, consists principally of the corn consumed on 

55985°—18—Bull. 696——2 
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farms where it is produced, and a small percentage of sales to local 
feeders and local markets. The major part of the crop never leaves 
the farms on which it is raised. The census for 1909 reported 23 
per cent of the corn crop as having been sold. In that year, there- 
fore, 77 per cent of the corn grown was retained on the farms where 
it was produced. This fraction includes the soft and unmerchantable 
corn. In the same year (1909) 18 per cent of the total harvest was 
shipped out of counties where grown; thus the difference between 
this 18 per cent and the 23 per cent sold off the farms represents 
local sales, or corn sold but not shipped out of counties where grown. 
This amounted in that year to but 5 per cent. 

The farm consumption approximates 83.4 per cent; it consists of 
the small fraction constituted by corn shipped from markets and 
farms to farms, and, chiefly, of the home-grown product. Horses and 
mules, as one item, and swine, each absorb more than one-fourth of 
the total production, three-fourths of a billion bushels each. These 
items are highly variable, as stated, depending upon size of crop, 
costs of other feeds and market prices of live stock. 

The urban consumption is more stable. The items in Table 1, 
listed under corn disposed of in cities, total only 16.6 per cent of the 
national production, or about a half billion bushels. To obtain 
ageregate urban receipts, there should be added some quantities re- 
shipped from market to farms, which are included in this statement 
under farm consumption. 

The largest item in city consumption consists of the corn ground 
in merchant flour mills (180 million bushels or 6.5 per cent of the 
crop). Inthe Census for the year 1909, 80 per cent of the corn enter- 
ing such mills was reported to be “ manufactured chiefly for human 
consumption,” and 20 per cent, or 42 million bushels, “ manufactured 
chiefly for live stock.” Additional quantities enter small custom 
mills, no recent data for which are available; this appears, however, 
to be included in the estimates of farm use. In the Census of 1909 it 
was reported to be 35 million bushels. Quantities fed to live stock in 
cities are of some importance, constituting about 5.4 per cent of pro- 
duction. Industrial uses absorb many million bushels, but amount to 
only a small percentage of the crop. Excepting its use in the manu- 
facture of hominy, industrial demands furnish a market for poorer 
qualities of corn. 
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TABLE 1.—Corn: Approximate distribution of the United States crop. 


[Figures are averages for the 5 years 1911-1915, where not otherwise noted.) 


—— 


Percentage 
of produc- Bushels. 
tion. 
i, TEtentberor thorny os BU eae ns ep Cn en a pg 100.0} 2,766,000, 000 
PeNPELEH AMES ICL COMM = 2-1-5 -\o ei oaian siesininis - Sn seine ese ates Secor sgezseros 82.4 2, 279, 000, 000 
3. Shipped out of counties where grown (represents commercial movement 
to other than local markets) }.......-----.......--------- eccuogseesqdse 19.4 536, 000, 000 
4, Remaining incounties where grown (mostly farm consumption, also local 
SHUGS)) ELL soo soso h bobs betes sab odesensoseescuscos ss aedeonsosupes felal 80.6 2, 230, 000, 000 
5. Approximate consumption on farms (substantially item 4, plus ship- 
FHEOHESILOMIALINS ))22 oe o!onice Aaeinaeiaocsic sscssie 2 oo iced seen isin ss emicscceciecs 83.4 2,307, 000, 000 
6. Urban consumption and exports.............-...-...-------------------- 16.6 459, 000, 000 
7. Surplus over farm consumption of all States having such a surplus...... 19.8 546, 000, 000 
8. Deficiency, under farm demands, of corn-deficiency States (shipments 
from markets to farms, and local sales to farms) ...-....--.-------------- 3.2 87, 000, 000 
Difference—urban consumption and exports.-.......-...------------- 16.6 . 459, 000, 000 
(See Table 2A, p. 16.) 
Percentage Percentage 
of produc- of produc- Bushels. 
tion. tion. 
Corn remaining in countfes Approximate farm consump- 
where grown (item 4).....- 80.6 tion (item 5): 2 
Gross deficiency of States Horses and mules....-..--.--- 27.0 747, 000, 000 
whose production is under Swine sees nee eaeecencen as 26.8 741, 000, 000 
requirements for farm con- Milch'cowSPeees sees cae a= 8.6 238, 000, 000 
sumption (item 8)1......-. 3.2 Othereattless=s-.eeee see 9.4 260, 000, 000 
Sheepetee asses a eerie eee 2.2 61, 000, 000 
Total, approximately Poultry 2 tee sesns seer eee sel 3.6 100, 000, 000 
equal to total farm Myman beings .--.------------ 3.4 94, 000, 000 
consumption..-.....-. 83.8 Seal tae epee seese ose sete or .8 22, 000, 000 
Other or doubtful. -.......-. | 1.6 44, 000, 000 
Total consumed on farms.... 83.4 | 2,307, 000, 000 
Shipped out of counties Urban corn reeeipts and 
where grown (item 3)!..-.. 19.4 consumption (chiefly item 3, 
Deduct shipments to farms also some shipments from farms 
(Ci) os6.ce eee 3.2 in same county): 
Ground in merchant flour 
Balance, approxi- mills (chiefly for humancon- 
mately equal to ur- sumption, also for feed, 
ban receipts and ex- etc). census of 1914....-..... 6.5 180, 000, 000 
Portsessec secs Ss 16.2 Used in manufacture of glucose | 
or starch. Census of 1914.... 1.6 44,000, 000 
Used in manufacture of dis- 
tilled spirits, fiscal year 
ended June 30, 1915...-.-..-- al) 32, 000, 000 
Used.in manufacture of fer- 
mented liquors, fiscal year 
ended June 30, 1915......--- 5 14, 000, 000 
EXXpOpis sae 2 cess ee eee nas 1.4 39, 000, 000 
Corn fed to live stock ‘‘not on , 
farms,’ numbering (census 
of 1910): Horses, mules, asses,| » 
and burros, 3,470,000; dairy 
cows, 1,170,000; other cattle, 
709,000; swine, 1,288,000; 
sheep,391,000; goats, 115,000; 
estimatediaf. 2225... -2.. <2 25 5.4 150, 000, 000 
Total ofitems enumerated 3, 16.6 459, 000, 000 
} 


1 These figures (items 3 and 4) show the gross movement and do not take into account the intrastate 
corn shipments between surplus and deficiency sections of the same State. 
2 Data regarding farm consumption are based upon investigations made by N. C. Murray, assistant 
statistician, Bureau of Crop Estimates. 
3 Additional quantities marketed in cities are reshipped to farms, and included in consumption on farms 


(above). 
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PRODUCTION, CONSUMPTION, AND COMMERCE, BY STATES 


AND SECTIONS. 


The foregoing is indicative of a few general phases in the dis- 
position of the corn crop. Data for production, marketing, con- 
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sumption, and surplus, by geographic divisions, are shown in Tables 


2 and 2A, and in figure 3. 


The dominant share of the two North Central divisions im pro- 


and commerce stands out in relief against 


duction, consumption, 


f all items in the East and South, and the 


comparatively negligible quantities in the Mountain and Pacific 


the much smaller ratio o 
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States. The East and South, however, draw the greater part of 
the corn shipments from the surplus-producing: territory. In the 
Mountain and Pacific States the quantities produced and consumed 
are unimportant compared to the other sections, but the ratio of 
corn importation to production and the degree of deficiency are 
very high. Of the amount consumed on farms, about 57 per cent 
is apportioned to the North Central States, 35 per cent to the South, 
and 6 per cent to the North Atlantic States. 


As indicated by figure 3, the North Central States, which comprise about 
25 per cent of the total land area and less than a third of the total popula- 
tion, produce about 65 per cent of the crop, and consume on farms alone about 
three-fourths of the production of the two groups, or about half of the national 
crop. This section is first in the aggregate value of all live stock produced. 
After deducting the heavy local consumption, the remaining surplus, which-is 
only about a fourth of the production of the two groups, still constitutes nearly 
seven-eighths of the amount entering trade channels. Of the 12 States in these 
two divisions only 7 produce a surplus; the northern 5 import considerable 
juantities. These “seven corn-surplus States,” so called, ranked as to amount 
of surplus in 1911-1915, are: Illinois, Iowa, Indiana, Nebraska, Missouri, Ohio, 
and Kansas. 

The South contains about 40 per cent of all land in farms in the United 
States and produced in 1911-1915 30 per cent of the corn crop. Practically the 
antire production is consumed locally, very little entering into trade channels. 
Total requirements for consumption on farms, live stock in cities, mills, and in- 
lustrial uses bring large quantities southward. It is well known that corn to 
some extent takes the place of wheat for food purposes throughout the greater 
part of the South. While cheaper than wheat, corn prices usually about equal 
the ordinary prices of wheat in the States to the North. High and irregular 
orice levels prevail. Local conditions and the character of the distributive 
machinery make for irregularity in the price zones. The highest degree of corn 
leficiency in the South obtains in its most southern States, and the high prices 
yrevailing there preclude extensive use for feeding purposes. The major part 
S grown in the northern tier of States. 

The largest movement of corn is directed toward the North Atlantic States— 
the comparatively densely populated industrial section. Only a very small 
‘raction of the corn produced in these States enters trade channels. As the 
‘arm consumption is considerably in excess of production, shipments are sent 
1ere for this use as well as to fill urban requirements. An amount equal to 
1alf of production, and in most of the States largely in excess of production, 
passes through merchant mills alone. The deficit under combined requirements 
‘or farms and merchant mills is approximately 85 million bushels. The cities 
iraw additionai quantities for live stock and for export. 

Mountain and Pacific divisions consume but 2 per cent of the national pro- 
luction, but even this consumption is several times the amount grown. Corn 
yenerally equals or exceeds wheat in price in these States. The percentage 
srown which is of merchantable quality is comparatively low. 
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TaBLeE 2A.—Corn: Production, consumption on farms and in merchant mills; 
surplus and deficiency. 
[Figures are yearly averages for 1911-1915, unless otherwise noted. } 


| 
- | Surplus or deficit 
ete Consumed on Bay (approxi over consumption 
. on farms only. 
Produc- “chant ] a 
State or geographic division. re : Per cent 
: om me ee Per cent ol) United | 
uantity.| of pro- tates urplus. | Deficit. 
ES duction. | produc- 
tion. | 
Thousand 
Thousand bushels. | bushels. | Percent. | Per cent. | Thousand bushels. 
United States ......... 2.766.112 | 180,116 | 2,307,000 83.4 83.4 |1459,112 |......-- 
New England......./......---- 9, 059 17, 048 16, 900 187.0 .6 
Middle Atlantic...........-.... 91, 522 38, 151 112, 300 123.0 4.0 
SouthAttlantios 2220) nse lls) 263,312 | 17,169] 262,600 100. 0 9.5 
East North Central............. 794, 838 45, 978 559, 200 70. 0 20. 2 
West North Central... .. -| 992, 756 24,379 755, 300 76.0 27.3 
East South Central... - 298, 611 15, 056 267, 800 90. 0 9.7 
West South Central.. 298, 651 19, 365 295, 500 99. 0 10.7 
Mountain creek es tae 13, 632 1,515 32, 600 239.0 195 (le 
IPACifC hts Ha emi Tt ON Ese Oo 3,731 1, 455 4, 800 129.0 121. 
New England: 
Maine Sass ihe Eee 686 4,199 1,300 
New Hampshire............ 973 2,208 2,100 
Wermont Sosestece = eee 1,944 3, 800 2,500 
Massachusetts........-.---- 2,137 4,042 3, 600 
Rhode Islind 4.5 - a seen 466 815 600 
Connecticuta- ee eee eee 2, 853 1,984 6, 800 
Middle Atlantic: 
ING OL Meee ee 20,388 | 21,065 31, 100 
NewJerseyaic-esco- cc Seen 10, 495 2,447 16, 000° 
ennsylvaniaeesse ose tenes 60, 639 14, 639 65, 200 
South Atlantic: 
IDGIBWAalG orate tence eee 6, 635 499 4,500 
Maryland cckcs:.: ee Lae 24, 080 1,610 19, 500 
Wiirpiniate eee =. ea Daa 49, 292 5, 127 44, 800 
West Virginia: =... .2 22.0. 22, 652 3,300 24, 200 
Norihi@arolina ss): sar 55, 534 2,538 51, 700 
South'Carolina: 2222). 5122) 35, 493 267 42,300 
Georgia were ee beeen 59, 401 3, 666 59, 800 
Mloridats. eee Cae Ee 105 225 162 15, 800 
East North Central 
Ohi ee ee Pe 153, 991 9,545 118,700 77.0 4.3] 35,291]...... : 
indianas- ae eee) wes Rees 180,926] 14,053 | 122,900 68. 0 AAS | eee 584026) | panes 
Glinois == 33e = Rea ah et 343, 924 10, 257 199, 500 58. 0 7.2 | 144,424 |......-- 
Michiganes eee eee 57, 226 5,395 59, 800 104.0 Qa See 2,574 
SWHSConSin ee pene eee cee 58, 771 6, 728 58, 300 99. 0 2.1 ATi | seen 
West North Central 
(Minnesota te) eeceetkens: 80, 283 3,093 72,900 91.0 2.6 
awa i. eee aie NST, AP 353, 619 3,344 | 226, 700 64.0 8.2 
IMIssOUnis Stee See EN 186, 643 8,532 | 151,000 81.0 5.4 
North Dakotal) ea 10, 121 56 13, 500 133.0 -5 
South Dakota........-.__.- 73, 347 154 59, 900 82.0 2.2 
Nebraska sep se ee ae 167, 928 2,248 124, 300 74.0 4.5 
MNSAGE SE epee alate othe oe 120, 815 6, 952 107, 000 88.0 3.9 
East South Central | 
Kentiickayo cn serie aor oe 96, 623 4,760 80, 400 83.9 2.9 
Mermnessees ee oe Eee 84, 599 8, 023 69, 100 82.0 2.5 | 
YALA DAM a: peso oe Bee 57, 066 1,926 56, 600 99. 0 2a 
Mississip pisses seas eu 60, 323 347 61, 700 102.0 DD 
West South Central 
WOUISIANA seeee cles see ee 38, 258 597 38, 500 101.0 1.4 
TENAS Se. RONG eR a 137, 145 8,627 | 153,800 112.0 5.6 
Oklahoma spas see 72, 983 5, 577 56, 800 78.0 2.0 
SATKANSASE Hem 13s) Scis oss ace 50, 265 4, 564 46, 400 92.0 1.7 
Mountain 
Montana scons eeesan ee 1,077 6 5, 900 548.0 -2 
OWiy ONIN ge ee See re ee 441 21 4,200 952. 0 2 
Coloradosesssrac ese SS: 8, 433 1,367 17, 100 203. 0 6 
New Mexico....-..........- 2,257 26 3,2 142.0 
Arizona: 1645. Paes! 9 il, 187.0 (2 
Utah yy 7 eR oss ae 350 35 400 114.0 (2 
INevadae. i ee ae ee Bol | te ceteaeee 100 303. 0 (2 
Wdahowe races ec oe see eee 506 51 700 138.0 () 
Pacific 
Washington....-..........- 936 475 1, 500 160. 0 pl Soeeeeceor 564 
Oregon eres. es ee 723 49 900 124.0 @\)e Pitta s 1i7 
@aliforniae 2. se ses eee 2,072 931 2, 400 116.0 Ty eee lee 328 
United States............. 2,766,112 | 180,116 | 2,307, 000 83. 4 83.4 | 546,334 | 87,212 
1 Net surplus over average farm consumption. 2 Less than one-tenth of 1 per cent. 


Data regarding farm consumption are based upon unpublished investigations made by N. C. Murray, 
Aocictant Statiatinian Riuraan af Oran Betimatac 
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A brief analysis of the salient features of Tables 2 and 2A, by geographic sec- 
tions, follows: 

West NortH CrentTraL States.—This division leads in corn production with 
35.9 per cent of the total; contains 17 per cent of the total land area and 13 
per cent of the population. It is, however, second to the eastern division of the 
North Central States in the quantity, as well as in the percentage, of the crop 
which moves to markets. Freight rates on corn to the Atlantic seaboard or to 
the South are higher from the corn States west of the Mississippi. This places 
those States at a disadvantage in selling either for export or to important 
domestic markets, and consequently encourages in these western States the 
feeding of corn to live stock and the production of meat. Prices are lowest in 
this group. It ranks first in live-stock production and quantities consumed on 
farms. The per capita production ranges from 15 to 159 bushels, by States. 
The section is only third in the quantity of corn ground in merchant mills. 
Out of its seven States the three farthest north, North Dakota, South Dakota, 
and Minnesota, do not usually produce a surplus. Here higher prices prevail, 
increasing with distances from the area of surplus. 

Hast NortaH CentraLt States.—Second in point of production, this division 
shipped in the five years under consideration the largest quantity and highest 
percentage out of counties where grown (42.9 per cent). Prices here are higher 
than in the corn States to the west, but lower than in other sections. A 
strategic position at the head of the Great Lakes, between the Ohio and Mis- 
sissippi Rivers, with cheap water transportation and nearness to corn-deficiency 
States, gives this division more favorable conditions with regard to markets. 
It ships out a larger share of its crop than the corn States west of the Missis- 
sippi and feeds lesser proportions. ‘This division is first in the quantities con- 
sumed by merchant flour mills. It is more densely populated than the western 
corn States, and its per capita production ranges from 20 to 66 bushels. In 
Michigan and Wisconsin, however, where production is less than consumption, 
prices are higher than in other States of this division. 

SoutH CENTRAL STATES.—The east and west south central divisions are about 
equal as to quantities produced ; together they raise a fifth of the United States 
crop. Three out of the 16 States—Kentucky, Tennessee, and Texas—produce 
the major part of the crop of this group of States. The general conditions 
pointed out in the discussion of the Southern States with regard to corn 
deficiency and prices prevail here. 

SoutH ATLANTIC STaTEs.—In production, this section measured about 10 per 
cent of the national total. The three northern States (Delaware, Maryland, 
and Virginia) contributed about 65 per cent of the quantity entering trade 
channels from this group of States. The deficit under combined requirements 
of farms and merchant mills is around 16 million bushels; to this should be 
added demands for urban consumption and industrial uses, as well as the move- 
ment to the seaports for export. Farm prices of corn in the more southern 
States of this section are higher than in most other States except in the far 
southwest. The same general conditions obtain as were indicated for the entire 
southern group. 

Mippite ATLANTIC STATES.—Containing 3 per cent of the total land area and 
leading in point of population (21 per cent), this section produces only 3 per 
cent of the national corn. Here farm uses absorb substantially the entire local 
production, which is less than needs even for this purpose. It ranks second 
as to quantities ground in merchant mills. To requirements for the latter, 
which swell the volume of shipments to this group by 59 million bushels, should 
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be added about 10 million bushels more, on an average, moving to the seaports 
for export, also the requirements for urban consumption. 

NEw ENGLAND STATES.—The greatest relative deficiency of corn prevails in this 
section. Although production of other cereals has declined rapidly in these 
States, corn has retained its place. Local production is less than 1 per cent of 
the national crop and is consumed almost entirely on the farms. The farm con- 
sumption alone is about twice the local production. New England merchant 
flour mills receive about 17 million bushels of corn, or double the production of 
the division, but only about a half-million bushels of wheat. Seaports draw some 
additional quantities for export. A total of 81 glucose and starch factories, 
with an aggregate consumption of 40 million bushels of corn, were reported by 
the 1914 census. Of such factories, 51 were found in Maine alone and 58 in all 
in the entire division. Within recent years Argentine corn, to the amount of 
several million bushels annually, has been imported into this section for indus- 
trial uses. 

MounNTAIN STATES.—Colorado produces 60 per cent of the corn raised in these 
eight States, whose production constitutes only one-half of 1 per cent of the 
national crop. The figures indicate a flow of several million bushels westward 
for consumption, but in proportion to demands of other sections such shipments 
are unimportant. Corn as a rule exceeds wheat in price throughout a large part 
of this group. In its southwestern part the highest corn prices in the United 
States are found. 

PaciFic STATES.—Barley takes the place of corn in the Pacific division for 
feeding purposes and rice, to some extent, for brewing. Production and 
consumption are lowest here. Transportation expense from the distant 
corn-surplus States almost precludes its use, except in comparatively small quan- 
tities for industrial purposes. High prices prevail for the small quantity grown. 

Details appear in Tables 2 and 2A. Figures of consumption on farms are 
approximate only. They should be regarded as showing in a general way the 
geographic alignments and are a rough measurement, particularly useful in 
showing the relative position of States and sections as to surplus or deficiency. 
With respect to shipments out of counties where grown, the figures. should be 
regarded as indicating the corn moving into general trade channels. They do 
not usually indicate the surplus of a State because of intrastate shipments from 
counties producing surplus to those producing insufficient corn. 


DETAIL PRICE MAP AND LOCAL PRICE FACTORS. 


In map No. 3 the geographic variation in farm prices of corn has 
been shown in greater detail. This map is based on the same data 
as map No. 1, but a 5-cent price unit has been used (instead of 10 
cents) to throw into relief local differences. A smaller unit has not 
appeared feasible, because of the irregularity of minor fluctuations, 
due to such causes as local harvest conditions and the quality of the 
crop. 

Subordinate to the general trend of the price levels which have 
already been outlined, much local price variation is observable on this 
map. Prices rise more rapidly and irregularly in some directions, 
particularly in areas of insufficient production. A difference in price 
between sections of the same State amounting to at least 15 cents a 
bushel, may be seen in most States. The difference in corn prices 
between parts of Missouri, as an instance in point, is greater than the 
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DETAIL PRICE MAP SHIOWING NOKMAL GLOGRAFYIIC VARIATIONS NM PRODUCERS FRYCES. 
LIGUKES REPRESENT A FIVE VEAP AVERAGE, BF COUNTIES, FOR THE YEARS ‘HO -/9/4. 
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AVERAGE FARM PRICES PER BUSHEL 
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normal cost of shipping from St. Louis to some European markets. 
Considerable unevenness in the price levels occurs throughout the Ap- 
palachian and other mountainous regions and in general throughout 
the South. Corn prices in the Ozark Mountain section in Missouri 
are higher than in the surrounding territory. 


CITY AND FARM CONSUMPTION CONTRASTED. 


In the trade channels of corn two distinct currents are apparent, 
each having a direct bearing upon the irregularities in the slope of 
the price levels. One relates to the farm consumption—of home- 
grown corn as well as of smaller quantities shipped in, the other to 
the movement to cities, either for concentration and reshipment or 
for consumption. . 

In the farm consumption such factors as availability of transpor- 
tation facilities, condition of roads, length of hauls, and lack of 
marketing organization exert a marked influence on the price levels. 
The quantities of corn absorbed locally vary greatly with market 
conditions of grain and live stock, the size of the local harvest, and 
the ratio of corn to live-stock prices. Trade currents are apt to be 
irregular in quantity, sometimes in direction also, and farm practice 
varies with respect to feeding and selling to local or general markets. 

The movement to large markets is aided by a highly organized 
commercial organization and excellent transportation facilities. 
Moreover, freight rates and competition among large markets tend to 
stabilize price differences between cities and their tributary territories. 


FARM CONSUMPTION. 


Economie conditions attending farm consumption make for price irregu- 
larity. 
Transportation and costs of hauling. 

As farm consumption absorbs more than four-fifths of the produc- 
tion, the preponderant influence of farm conditions is evident. Farm 
conditions are such as to make for price irregularity. The average 
cost of hauling a few miles from or to shipping points in many 
regions is greater than the cost of shipping corn to European markets 
in normal times. An idea of sectional differences in costs of hauling 
may be gained from the following table showing the average costs 
as well as the hauling expense from most remote farms. 
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In the surplus-producing North Central States, costs of hauling 
will be observed to be lower than elsewhere and fairly uniform over 
large areas. The Southern and Western States are marked by long 
hauls and high hauling costs, as well as great irregularity in the 
price areas. Irregular price levels may be observed (Map 8) through- 
out mountain sections. Accessibility to markets, the existence or 
absence of good roads or of water transportation, is often reflected 
in material price variations within small areas. Thus, in a report of 
the Waterways Commission it is shown that farmers along naviga- 
ble rivers in Tennessee receive several cents per bushel more for their 
corn than those in surrounding regions. In the more remote farms 
the cost of hauling corn to or from shipping points appears to be 
almost prohibitive. Such isolated areas have an almost entirely 
local market. In the western irrigated sections—distant from mar- 
kets—the price of alfalfa hay has been known to drop from around 
$20 per ton in a year of local shortage to below $5 in a year of local 
surplus. 

To the causes making for price irregularity because of farm con- 
ditions may be added the preference for ear corn, the trade for which 
is local,.and the added expense of shelling corn to lessen freight 
charges. 

Lccal conditions are thus seen to depress farm prices of corn in 
regions of surplus production, influences of the character mentioned 
often causing deviations from the general geographic arrangement 
of prices. But in areas of insufficient production the described 
drawbacks incident to bringing in corn tend to increase the prices 
obtained by farmers. Map 2, showing density of production, should 
be compared with Map 3, which shows prices. The relationship is 
apparent, for prices drop wherever production is shown to be 
denser. In the regions of deficient production such areas as show 
notably heavy corn crops form price depressions. For instance, in 
Maryland, Delaware, and southeastern Pennsylvania production is 
greater and corn prices are lower than in surrounding territories; 
this contrasts with the tendency of corn prices to increase east and 
southward. In central Tennessee, also, lower prices and greater 
production will be noted than in the southwestern part of the State. 
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URBAN MARKETS. 
Market receipts, shipments, and consumption. 
Urban markets have a stabilizing effect upon price differences. 

The corn entering into trade channels has been seen to constitute 
about 19.4 per cent of the total during 1911-1915. Like other ele- 
ments in corn distribution, this percentage varies from year to year. 
Practically all of such shipments move to urban markets, from which 
in turn approximately 3 per cent is shipped back to farms. 

Demands for urban consumption constitute approximately 15 per 
cent of the total production. Additional quantities, however, are 
concentrated in the markets for reshipment to domestic and foreign 
markets. Although urban markets draw only a fifth of the domestic 
crop, they influence to a considerable degree the general level of farm 
prices, for the prices obtaining there, represent market conditions 
and the available returns for corn as a cash crop. 

Large markets, through their commercial organizations, credit 
and elevating facilities, tend to stabilize the geographic differences 
in farm prices. ‘The comparative evenness of the price levels through- 
out the corn belt, wherein most of the great markets are situated, 
contrasts with the irregular price levels in areas where no points of 
large concentration appear. The difference between the prices at any 
two markets tends to be regulated in the long run by transportation 
expenses. The prices at markets in areas of insufficient production 
will generally be fixed by the prices at the nearest surplus point plus 
transportation expenses. Hence, market prices in cities tend to con- 
form to the general zones for producers’ prices, as shown in Maps 1 
and 3. 

In such farm products as wheat and meat products, which are for 
human consumption, the relation of production to population domi- 
nates the trend of price levels. But large centers of population do 
not so directly dominate the direction of price increases in such 
products as corn, which are not destined chiefly for human food but 
more for consumption by live stock. 

Receipts, shipments, and apparent consumption of the largest mar- 
kets are shown in Table 4. Half a dozen primary markets located 
in the corn States receive the major part of the commercial corn; 
i. e., “shipments out of counties where grown.” Of these, Chicago 
is by far the most important. Into the 14 cities listed as primary 
markets are shipped 264 million out of the 500 million bushels enter- 
ing into trade channels; the greater part of this comes from the 
North Central States, in which these markets are located. Although 
industrial uses, particularly important in such cities as Chicago, 
Indianapolis, St. Louis, and Peoria (Tl.), absorb large quantities, 
two-thirds of the total receipts in the primary markets are reshipped. 
Farm prices are naturally higher in regions near these primary mar- 
kets than in more remote regions. (See Maps 2 and 3.) 
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TABLE 4.—Corn: Commercial movement to and from leading corn markets, and 
indicated consumption, in five-year averages (1911-1915). 


[From unofficial returns. Allowance should be made for such duplication as intermediate markets 
crediting themselves with through shipments.] 


Apparent 
Market. Receipts. Shipments, ae 
sumption. 
Primary markets. Bushels. Bushels. Bushels. 
(CHI Cae Ore eee See eet Te ERTS nee A ee ety SRY REED 110, 194, 000 78,637,000 | 31,557,000 
Ona oe eee ek eee We, Se oe alc aT A Lee 25, 046,000 23, 234, 000 1, 812, 099 
SEP OTLS ee ee ee SAT LARIAT Od EDA Oe 21, 562,000 12, 135, 000 9, 427,000 
Kansas City pRB pun nS ae Wan dupa: en Na ie Bia yd ye whet 20, 472,000 13, 989, 000 6, 483, 000 
Peoria SR TS ISS in ih tt aa. Be 5 ay tact At ala Oh at Rtg Soh eects. By cu Samal 17, 672, 000 10, 179, 000 us 493, 000 
Indianapolis Pe A A Ee 1 ies REO SR aimee sony ROE SRC MEA. em Mn San ene ele ee 14, 685, 000 4, 178, 000 10, 507, 000 
TA GU ANes UU ers ie iia lak fa i a, Sect lll paren et cal pant MM ane a et 12, 770, 000 9, 831, 600 2, 939, 000 
TDCSEGES UNL ee nk. DRAM ST SRO sete gle -Sraih ONCE I'S cb Reaelenae ties 10, 400, 000 6, 211, 000 4,189, 000 
IMANTICA NOMS este cee ere cee ate eee ee oe Eee ee ene 8, 900, 000 6, 620, 000 2, 280, 000 
Cincinnati ee ec RN SS oie ey gS 8, 651, 000 5, 281, 000 3,370, 000 
DOTS One eee er A CE RARE AE CAS RNTE VPISF AB CATAL SARE 4,395, 000 2, 298, 000 2,097, 000 
Glevel ands =F oe eee ee ee ee Ee BN 4, 102, 000 1, 500, 000 2, 602, 000 
PDECTOLE Soe eee NC LSE oe TAA OE A ah IM, ERNE OS PEL EE 3, 347, 000 2,117,000 1, 230, 000 
T DY UEVDA Ply cece ATTIRE Se BIRGIT Up ine, RMI InN Aas BUY Fen enor El 1, 464, 000 1,193, 000 271,000 
J >. | a —_— 
Cay Re ss ete Cie er pee Cy NUE MA! test eae 263,660,000 | 177,403,000 | 86, 257,000 
IDET Vere eae tee me Pele Mr aii Salat UO aa | gg 2,110, 000 (@) 2,110, 000 
Bite OMe ee ee ee nea nny hs AAD AR EAD ee 18,737, 000 () @) 
Exports > 
LSTSUE HR EOVO EI, Ses Se eye AION ne Solan a MONBIOT: SSO Bier com ON fowls ese 14, 845, 000 11, 981, 000 2, 864,000 
ING VOL ete EAR oat: BOT) CUAL LARVA BQ ad LS BD 12, 660, 000 7,323, 000 5,337, 000 
INE WACO TLE ATIS cre te ee Rennie elena Suid oY 5, 158, 000 3, 835, 000 1,323, 000 
HHT AGS pinies sees aoe ee eR a EE MUR RE 3, 896, 000 1,947, 000 1,949, 000 
TBYESTROVT cp eee CORR URNS apn pt AIOE OR Dh AR) SUC nu AE, Re 2, 803, 000 2,616, 000 187, 000 
SIN GWVTDOTERINIG HS Pos oe aa ee Ne ee ok BITRE EE SANG 7 RY TA (1) 1, 844, 000 8 
RAI ESLOM ete E ok as BAe a call Jae ances ee RE © () 338, 000 G 
Pacific markets 
Ganbhranciscospe en nice marae te celal es ee ctee ere See ot ie ie 342, 000 137, 000 205, 000 
Sea ETO Ries eGR a hs ya a iirs 0) vee sete Pa PR EN ST Og os 744, 000 30, 000 714, 000 


1 No data available. 


To the above figures should be added relatively insignificant quantities of corn meal. Largest receipts 
of corn meal appear at New York, 662,000 barrels, and Baltimore, 405,000 barrels. A few other markets 
show small receipts, none averaging over 50,000 barrels. 


FREIGHT RATES. 


Freight rates constitute an important factor affecting differences 
in price between two regions. Corn frequently takes a lower rate 
than wheat, for not only is the weight per bushel slightly less but 
frequently a lower freight rate per 100 pounds applies. A detailed 
statement of freight rates is beyond the purpose of this publication, 
but a few of the more important phases may be noted briefly in their 
relation to differences in farm prices of corn. 

Distance is an important element in freight rates, but they are cag 
directly proportionate thereto. The following illustration will serve: 


Distance rates between points in Iowa and Missouri, C. B. & Q. Ry. 


[Freight rates per bushel of corn (carlot shipments) in 1916.] 


Number of Rate per 
miles. bushel. 
10 $0. 031 
100 - O71 
200 - 088 
300 - 102 


400 115 


os 
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Thus forty times the distance takes less than four times the ten-mile 
rate. The through rates from a point in the corn belt apply to all 
New England destinations; the rate to Baltimore applies equally to 
Richmond and Newport News. 

* Moreover, the sum of a series of local rates covering a given route - 
is usually higher than the through rate over the same route. Also, . 
export grain usually moves to the seaboard at lower rates than does 
grain for domestic use. A higher rate applies to grain products 
than to grain. Lower rates usually prevail at points possessing 
water transportation, which serves as a potential if not an actual 
competitive factor. 

The influence of markets upon farm prices, as well as the tendency 
to concentrate the commercial corn in the large commercial centers, 
is affected by freight rates. 

By means of the milling-in-transit rate, corn may be stopped 
en route, milled, cleaned, or dried, and the product moved on again 
at the original rate charged for a through corn shipment, instead of 
taking the local rate to the milling point and the higher rate for 
grain products to eventual destination. On some lines the rate for 
grain products is applied to such traffic. 

It may be noted that the tendency to manufacture cereal products 
near sources of supply and lessen transportation costs is somewhat 
oftset by this higher rate for grain products as well as ty reshipping 
and milling-in-iransit rates. 

Rates on corn from the North Central States to the Southeast are 
considerably higher than to New England or eastern points; before 
the war they were higher even than transportation costs from points 
in the corn belt to British markets. This fact is suggestive when 
considered in connection with the higher prices paid to corn growers 
in the Southeast, where production is less than consumption. 

The difference in freight rates between carload and _ less-than- 
carload lots represents still another factor in the price zones, affect- 
ing especially sections in which corn traffic is small. In the territory 
east of the Mississippi and south of the Potomac and Ohio Rivers 
the same rate applies to carload and less-than-carload lots of corn. 


COSTS OF PRODUCTION AND FARM PRICES, GEOGRAPHIC 
DIFFERENCES. 


An analysis of the practical bearing of varying price levels on 
local types of agriculture is incomplete without consideration of cost 
to production. Two elements are involved here: (1) The cost of pro- 
ducing crops upon an acreage basis, and (2) the number of bushels 
produced to the acre. 
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Figure 4 throws into relief the relationship of these factors. It 
will be observed that often areas of high price show minimum net 
returns, higher prices being offset either by high costs of production 
‘or low yields in bushels to the acre. Varying land rental or interest 
charges, also costs of commercial fertilizer, enter into the cost factor. 
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In the upper illustration on figure 4 prices and costs per bushel are 
given, and in the lower the dae are upon an acreage basis. 

The New England States stand out “envsbinecills with highest 
prices per bushel and highest production per acre. But these are 
offset by maximum costs of production (in which high values of com- 
mercial fertilizer enter), with a resulting low ratio of money returns. 
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The favorable combination of high price per bushel and lowest cost 
per acre obtains in the Southern States, but average yields are so 
low as to make the cost per bushel very high, with resulting mini- 
mum net returns. Highest net returns are indicated for the Moun- . 
tain and Pacific States. Here, however, a relatively lower percent- 
age of merchantable corn must be taken into consideration. 

Details follow in Tables 5 and 5A. Relationships can best be ob- 
served in the percentages, based upon the United States as 100 per 
cent. By way of example: Towa farm price per bushel, only 85 per 
cent of the average for the United States, but yield per acre 135 per 
cent; and combining the two in gross returns to the acre, 114 per 
cent. Costs of production in Towa, however, are slightly above the 
average, being 101 per cent, and the ratio of returns to cost is 145 per 
cent. 


TapBLE 5.—Oorn: Geographic differences in values and costs of production. 
PER ACRE. 


Comparison of preceding 
differences in percent- 


ine 
erage | Cost of production, 1909. ages’ of the United 


gross Ratio States average as base 
returns, of cost value (100 per cent). 
0 1911- to gross} of by- 
State eid sedgraphic 1915 returns?| prod- 
‘ (price | Cost, | Cost, |} Com- |(cost=| ucts, Cost Cost, 
per |includ-|exclud-| mer- |100 per | 1909. includ-| exclud- 
bushel |ing land|ing land) cial fer-] cent). Gross jinglandjingland 
x rental | rental | tilizer returns.| rental } rental 
yield).1| orin- | orin- |intotal orin- | orin- 
terest. | terest. | cost. terest. | terest. 
Per acre|Per acre|Per acre| Per acre| Per cent| Per acre| Per cent|Per cent|Per cent 
United States. ...-....-. $15.60 [$12.27 | $8.52 | $0.82 127 | $1.20 100 10 100 
New England .............-- 36.96 | 30.98 | 27.77 7.80 120 7.78 237 252 326 
Middle Atlantic..-..........- 28.47 | 20.62] 16.82 3.02 138 5.04 182 168 197 
South Atlantic. ............. 18.24 14.78 11.72 2.43 124 2.34 117 120 138 
East North Central.......... 20.88 | 14.60} 10.14 61 143 2523) 134 119 119 
West North Central. . .--| 14.04] 10.52 7.22 26 133 94 90 86 85 
East South Central... 15.40 | 12.83 9.59 1.39 120 1.16 99 105 113 
West South Central. . ..-| 12.92] 10.78 7.68 .58 120 90 83 88 90 
Mountain.......... .-| 22.40 | 10.99 7.89 .12 204 1.80 144 90 93 
Pacific ee aaa! --) 25.92] 14.64) 10.18 .33 177 3.11 166 119 119 
New England: 
WESTIE ie RE ann ee ae 35.70 | 37.05 | 34.55] 10.67 96 5.50 229 302 406 
New Hampshire......... 34.76 | 30.73 | 27.54 5.92 113 7.83 223 250 323 
Vermont ener inti T 33.60 | 27.68 | 24.20 4.48 121 9.02 215 226 284 
Massachusetts ..-......-. 36.90 | 29.041 25.54 8.00 127 9.00 237 237 300 
Rhode Island..........-. 40.32 | 28.12} 25.37 8.00 143 9.00 258 229 298 
Connecticuty ees ete soe. 39.48 | 33.26] 29.43 9.70 119 6.33 253 271 345 
Middle Atlantic: 
INGER! NEO Te ca ee 28.86 | 21.84] 18.15 2.80 132 5.91 185 178 213 
New Jersey.-........-.-- 27.7 22.08 17.91 4.26 126 4.96 178 180 210 
Pennsylvania...-........ 28.29! 17.93! 14.41 2.00 157 4.25 181 146 169 


1 Costs of production from a specialinquiry of the Bureau of Crop Estimates (‘Crop Reporter,’? April, 
1911). Although the data were compiled in the year 1909, they were collated on a uniform and comparable 
basis, and for the present purpose of comparing average cost conditions in one State or section with another 
ehey possess particular value. 

2 eaane by-products, which were considered as being offset, roughly, by values of farm manure 
applied. 
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TABLE 5.—Oorn: Geoyraphic differences in values and costs of production—Con. 


PER ACRE—Continued. 


State and geographic 
divisions. 


South Atlantic: 


East North Central: 
Ohio 


IM Chai aa ee ae oh 


Minnesota 


North Dakota 
South Dakota..-........ 
Nebraska. odio... oboe 
KANSAS Rees Seclaid cic mica 
East South Central: 
Kentucky 
Tennessee 
Alabama................ 
Mississippi............... 
‘West South Central: 
Louisiana. -.-............. 


ee ei iii 


eee eeece 


Montana. ..- 
‘Wyoming . 
Colorado....... 


Washington 
Orezorn ee sy se oes 
Californiatss eeeeeeeeeee 


Comparison of preceding 
differences in percent- 


‘Av- 
oe Cost of production, 1909. ages of the United 


gross Ratio States average as base 
returns, ofcost | Value | (100 per cent). 
1911- to gross] of by- 
1915 returns} prod- 
(price | Cost, | Cost, | Com- |(cost=| ucts, Cost, | Cost, 
per includ-|exclud-| mer- |100per| 1909. includ-| exclud- 


bushel jing land|ing land) cial fer-} cent). 
x rental | rental | tilizer 
yield).| orin- | orin- jin total 
terest. | terest. | cost. 


Gross |ingland|ing land 
returns.| rental | rental 
orin- | orin- 
terest. | terest. 


Per acre|Per acre| Per acre|Per acre| Per cent| Per acre| Per cent|Per cent| Per cent 
$4.00 13 


$19.47 | $16.54 | $13. $2.75 11 125 153 
22.32 | 15.36| 12.23 2.03 145 3.34 143 125 144 
18.50 | 13.90] 10.87 1.86 133 2.20 118 113 128 
23.56 | 16.21 | 12.98 1.14 146 2.04 151 132 152 
15.77 | 15.13 | 11.66 2.40 104 1.98 101 123 137 
16.20} 15.83 | 12.56 4.48 102 2.74 104 129 147 
12.60 | 13.26 | 10.18 2.44 95 1.90 81 - 108 119 
11.85 | 12.01} 10.21 2.34 98 53 76 98 120 
22.80 | 15.41 | 11.09 99 148 2.39 146 126 130 
19.61 | 13.80 8.78 74 142 1.09 126 112 103 
18.15 } 13.25 7.59 31 137 67 116 108 89 
22.10; 16.05 | 12.52 66 138 3.85 142 131 147 
21.35 | 14.48] 10.73 36 147 3.14 137 118 126 
16.83 | 12.04 9.23 -60 140 1.52 108 98 108 
17.85 | 12.39 7.76 21 145 -80 114 101 91 
15.25} 10.45 6.81 24 146 -62 98 85 80 
13.44 9.71 7.63 27 138 2.02 86 79 90 
13.23 9.91 7.05 31 133 68 85 81 8 
11.73 | 10.01 6.33 16 117 41 75 82 74 
10.62 9.16 5. 74 - 04 116 -05 68 75 67 
16.38 | 12.81 8.83 olltl 128 91 105 104 104 
16.25 | 12.41 8. 86 63 130 -80 104 101 104 
13.43 | 13.59] 11.04 2.65 99 1.44 86 111 130 
13.68 |} 12.52 9.62 1.50 109 1.50 88 102 113 
14.20 | 12.24 9.28 1.29 116 1.53 91 100 109 
14.40} 10.29 7.05 -40 140 B)9) 92 84 83 

9.44 8.59 5.80 -O1 110 -26 61 70 68 
14.40 | 12.01 8.59 61 120 1.27 92 98 101 
PUBUPS \ocosescq lscoopond Hoacosad cdcagecladsacade IGE looscoscc|lsoosooae 
16.33 9.95 7.08 06 164 2.00 105 81 83 
11.97 8.97 6.39 07 133 1.06 77 7. 75 
18.48 | 11.30 8.24 -00 164 2.04 118 92 97 
GBS) | Soodoasallscocdocd boebedod saccsosalbcocooase PANS) eceadoossso0ccoc 
PGE S| SoU Bo oneloosee aac ascend BCasease boacsoce 1661 | eee cere eee sos 
Be GD llcsascaco lboesease ooscoaad boaceacdllooussoad PAD NSGeaecc|loce Sooee 
23.04 | 13.73 9.86 33 168 2.10 148 112 116 
21.56 | 11.92 8.57 72 180 4.55 138 97 101 
24.18 | 13.19 9.09 28 182 3.50 155 107 107 
32.56 | 18.82 | 12.87 -00 173 1.28 209 153 151 
15.60 | 12.27 8.52 82 127 1.20 100 100 
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TABLE 5A.—Corn: Geographic differences in farm prices and costs of production. 


PER BUSHEL. 


Comparisons in percentages of 


Cost of pro- the United States avera: 
A ge as 
duction.? base (100 per cent). 
Bush 
els pro- . 
duced for Ralioo Cost of pro- 
State and geographic pe | (aver- price duction. 
divisions. a age Th- EX | (cost = 
(aver- | 971 |cluding|cluding| 100 pe o 
Dp Bush 
age, | 1915). | land | land | cent). | eisper| Farm | In Ex- 
1911— rental | rental ane price. |cluding] cluding 
1915). orin- | orin- land | land 
terest. | terest. rental | rental 
orin- | orin- 
terest. | terest. 
Cents | Cents | Cents 
per per per Per Per 
Bushels.| bushel. | bushel. | bushel.| cent. cent. 
United States........... 26 60 44 33 127 100 
New England............-.. 44 84 70 63 120 169 
Middle Atlantic............. 39 73 53 43 138 150 
South Atlantic...........-.- 24 76 61 49 124 92 
East North Central.........- 36 58 41 28 143 138 
West North Central. ......-- 26 54 41 28 133 100 
East South Central........-. 22 70 58 44 120 85 
West South Central......... 19 68 57 40 120 73 
Mountain Mes te 28 80 39 28 204 108 
TPAGTTCG Ce: le eae ie a Sahl Sl 46 Ba ag ok 123 
New England: 

Cha (a) RE ee a ne 42 85 88 82 96 162 142 186 250 
New Hampshire......... 44 79 70 63 113 169 132 148 192 

CMMOnG es eek: 42 80 66 58 121 162 133 140 177 
Massachusetts..........- 45 82 65 57 127 173 137 138 174 
Rhode Island............ 42 96 67 60 143 162 160 142 183 
Connecticut...........-- 47 84 71 63 119 181 140 150 192 

Middle Atlentic: 
ING Wig VOPR ey ess os Mois 37 78 59 49 132 142 130 125 150 
New Jersey.............. 38 73 58 47 126 146 122 123 143 
Pennsylvania..........- 41 69 44 35 157 158 115 93 107 
South Atlantic: 
Delaware..............-- 33 59 50 40 118 127 98 106 122 
Maryland. .............- 36 62 43 34 145 138 103 91 104 

IGT ees re a kD 25 74 56 43 133 96 123 119 131 
West Virginia...:....... 31 76 52 42 146 119 127 110 128 
North Carolina.......... 19 83 80 61 104 73 138 170 186 
South Carolina.......... 18 90 88 70 102 69 150 186 214 
GOOrsi ates. SHR Se Es Ae 15 84 88 68 95 58 140 186 208 
IMAGE oe eas 15 79 80 68 98 58 132 170 208 

East North Central: 
Oni) CS yak epee 40 57 39 28 148 154 95 83 85 
Uridiana es eee oe 37 53 37 24 142 142 88 78 73 
MTIOISH ee a SPRINTS 33 55 40 23 137 127 92 85 70 
Michipamie ee gee lenis 34 65 47 37 138 131 108 100 113 
Wisconsin..............- 35 61 41 31 147 135 102 87 95 
West North Central: : 

innesota.........-..--- 33 51 36 28 140 127 85 76 85 
OW erie eppiets omit a tne 35 51 35 22 145 135 85 74 67 
Missouri..........2....-- 25 61 42 27 146 96 102 89 $2 
North Dakota........--- 24 56 40 32 138 92 93 85 98 
South Dakota.........-- 27 49 37 26 133 104 82 78 79 
Nebraska................ 23 51 44 28 117 88 85 93 85 
Kansas oe riesgo 18 59 51 32 116 69 98 108 98 

East South Central: 

ONGUCKY {6 2d = 02 sei 26 63 49 34 128 100 105 104 104 
Tennessee............-.- 25 65 50 35 130 96 108 106 107 
Alabama... -...-.02--...- 17 79 80 65 99 65 132 170 198 
Mississippi.........--..- 19 72, 66 5l 109 73 120 140 156 

West South Central: 
Louisiana............... 20 71 61 46 116 77 118 129 140 

ORAS essen Mees cin elias 20 72 51 35 140 77 120 108 107 
Oklahoma............... 16 59 54 36 110 62 98 114 110 
Agkansas. 62-2220. cle. 20 72 60 43 120 77 120 127 131 


1 Costs per bushel obtained by dividing costs per acre (see Table 5) by average yield per acre, 1911-1915. 
Figures for cost per acre are comparatively stable. 
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TABLE 5A.—COorn: Geographic differences in farm prices and costs of production— 
Continued. 


PER BUSHEL—Continued. 


Comparisons in percentages of 


Cost of pro- . 
the United States average as 
duction. base (100 per cent). : 
Bost 
els pro- . 
duced sae ese Cost of pro- 
State and geographic Be aver- S price duction. 
divisions. 4 age, In- | Ex- |(cost= 
(aver-| 1917 |cluding|cluding| 100 per| push- 
age, | 1915). | land | land | cent). | eis per| Farm | > In- Ex- 
1911— rental | rental aoe price. | cluding| cluding 
1915). orin- | orin- ; land | land 
terest. | terest. rental | rental 
orin- | orin- 
terest. | terest. 
Cents | Cents | Cents 
er per per Per Per Per Per Per 
Mountain: Bushels.| bushel. | bushel. | bushel. | cent. cent. cent. cent. cent. 
Montana ee eee eae 28 #43) seisteodicn Snes oballs oe sees 108 1231) 22 Vee A seen 
Wiyomung 243323 007.7 ah 23 71 43 31 164 83 119 91 95 
Coloradoss see 822 19 63 47 34 133 73 105 100 104 
New Mexico........-.--- 24 77 47 34 164 92 128 100 104 
SAT IZON Ae oe eee ae 31 LOB 2 Ue RN Pe ee eee 119 DSO Eee ah eee 
LO siesta Ns a eee 34 TON eee Se es [ia ee 131 1 7 (a) eater a Pel ee 
Nevadaee. stor b 2. be 33 LOD | ea | Oe ce alee | ee 127 mY UT a eae as a ed 
Ni MOy 5 BASE ee 32 72 43 31 168 123 120 91 95 
Pacific 
Washington...........-- 28 77 43 31 ’ 180 108 128 91 95 
Oregons cc dcsees 31 78 43 29 182 119 130 91 88 
Califormiaveetn ooo nee 37 88 51 35 173 142 147 108 107 
United States........- 26 60 47 33 127 100 | 100 100 100 


CHARACTERISTICS OF PRICE ZONES. 


A. brief explanation of the characteristics of the apparent differ- 
ences seems necessary to avoid error in the practical application of 
the detailed figures of the farm prices of corn by States and counties. 


AVERAGE FOR 5 VRS, /Gf-1§. __ - DEC. 1, 49/8. LLC 4 SAS.- 
CSL RATIO USUAL FATIP (MNUSUAL VARIATION, YEAR 
OF AAMEAS DROUGHT) 
CUNNESOIA S/F AUNNESOTA SEE PUNNESOTA SPE 
FANSAT SOE ~ HANMSAS CPE AANVGAS 7EF 


FEN NSYLVANIA BOF FENNSYLVAIVIA 7B E FLENNSHUANMIA F72E° 


eee 


Fic. 5.—Showing usual geographic difference in farm prices of corn, and variation 
therefrom. ; 


To determine normal conditions the data forming the base of the 
maps were arranged and zones determined according to the five-year 
averages (1910-1914). Prices in a single year, of course, may be 
greater or less than the average. Unusual harvest or market circum- 
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stances which alter the ordinary course of the corn trade may alter 
price ratios between two localities. The quality of the local corn 
crop may be poor, or a local failure may occur and a territory usually 
producing a surplus may have to ship in corn. 

As an instance in point: Kansas, usually a corn-exporting State, 
had to import large quantities of corn on account of the State’s crop 
failure in 1913. The relatively high freight rates on corn into Kan- 
sas added to the disadvantage caused by the crop failure. Kansas 
corn prices, usually only a few cents higher than those of Minne- 
sota, in that year averaged 25 cents per bushel higher; they were 
even higher than those of Pennsylvania—far to the east and usually 
on a considerably higher level. 


RETROSPECTIVE VIEW OF PRICES AND PRICE FACTORS, 1871-1915. 


TREND OF FARM PRICES. 


A review of the trend of geographic differences in farm prices of 
corn for a series of years reflects sharply economic transformations 
within the United States, and particularly reduced costs of trans- 
portation and marketing. It also indicates present tendencies. 
Table 8 shows the trend of farm prices of corn and the sectional 
variations therein from 1871 to 1915. An average of five years was 


FIVE -KEAR FEFPIODS 


7/-| 1882-\ 189/- \ /90/- | /9//- 
25 | (886 | 1895 | (805 | 19/5 
| nea aa 


78. 
18 
EC 


FIVE - KEAR FERKIODS 


187/- | /882-\ /8G/-\ £9O7- 
1875 \ 1886 \ 1895 \ (905 \ SWS 


oman eras 
22S a TE MET 
aera ee 


at 


THE SAME IW CENTS PER BUSHEL 
SES 
oH THRUSH SBSHIT ID 


\ 


TLR Lal LEE 


LOUISIANA... 19S. 
JOWA 12-22-59 


Fic. 6.—Illustrating trend of geographic differences in farm prices of corn, 1871-1915. 
Iowa: Example of corn-surplus State; Louisiana: Hxample of corn-deficiency State. 
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employed to show predominant conditions at each period. Units 
of measurement are averages for States and geographic divisions. 

. Extreme price differences are indicated at the opening period, 
when farmers in some corn-deficiency States received fully four 
times as much for their corn as in certain surplus-producing States. 
Such price differences have narrowed notably, and only by including 
insignificant quantities raised in Nevada and Arizona can even 100 
per cent variation be found between two States. The geographic 
differences have been cut in two. 

The minimum price has moved north and west; in 1871-1875 it 
appeared in Iowa, in 1882-1886 in Nebraska, and in 1911-1915 in 
South Dakota. 

The general level of corn prices, that is, the average farm price for 
the United States, at first declined, reaching its lowest in 1891-1895, 
then rose to higher levels. But in the corn belt prices rose steadily 
throughout the whole period; in some cases they were doubled. In 
the corn-deficiency States a contrary tendency is evidenced; farm 
prices have fallen away in the States most highly deficient, as in New 
England and the far South; in others they have remained stationary, 
or have increased, as in the Middle Atlantic section and the northern 
tier of the Sentihern States, but in far less ratio than in the export- 
ing or corn-surplus States. 

The trend of geographic prices may be more clearly seen in the 
percentages; these are based upon the United States average as 100 
for each period, to reduce the figures to a comparable standard. The 
price percentage in corn-deficiency States (the percentage of the 
United States average) has declined rapidly, but in the corn-export- 
ing States it has risen steadily. Prices of corn in Iowa and Louisiana 
have been plotted on figure 6. The difference in favor of the Louisi- 
ana grower at the beginning was 60 cents per bushel; at the latter 
period 20 cents. The Louisiana price declined from 86 cents to 71 
cents, and the State’s percentage of the United States average from 
195 to 118, while the Iowa price rose from 26 cents to 51 cents, and 
the price percentage from 59 to 85. 
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TABLE 6.—Corn: Review of farm prices, 1871-1915, by States and .sections, 
showing geographic trend in the price differences. 


State and geographic 
division. 


United States.....-. 


New England ...........-- 
Middle Atlantic........... 


West North Central....... 
- East South Central........ 


New Hampshire. -..... 

Vermont=tec.s8s2.. 22. 

Massachusetts.......-- 

Rhode Island .--....... 

Connecticut........... 
Middle Atlantic: 

ING Wa ViOD Kis. jocks 

New Jersey..-........ 

Pennsylvania-......... 
South Ate ai 

Delaware ---..........- 


Kentucky 


Mississippi-.........-. 
West South Central: 
MCOUMISIAN Atos ee et 


Wi omingeeair nes | 
Colorado®. 28 iies22f. 


Farm prices, per bushel, in five- 
year averages. 


Measurement of tendencies in percent- 
ages of the United States average as 


base. 


1911— | 1901- | 1891— | 1882- | 1871-} 1911- 1901— 1891- 1882— | 1871- 

1915 1905 1895 | 18861 | 18752] 1915 1905 1895 1886 1875 
Cts. Cts. Cts. Cts Cts. | Per ct.| Perct.| Per ct.| Per ct. | Per ct. 
6 4 3 3 44 100 100 1 1060 100 
84 72 65 77 87 140 157 171 197 198 
73 60 54 61 64 122 131 142 156 145 
76 63 52 58 67 127 137 137 149 152 
58 45 38 40 40 97 98 100 103 91 
54 39 33 31 33 90 85 87 79 75 
70 57 45 51 85 117 124 118 130 193 
68 56 48 56 74 113 12: 126 143 168 
80 71 65 TASB es ee 133 154 171 2035 | eee aeee 
81 66 57 74 94 135 144 150 190 213 
85 7 67 Zee 88 142 159 176 197 200 
79 71 65 79 87 132 154 171 203 198 
80 69 64 74 84 133 150 168 190 191 
82 72 63 77 85 137 156 166 197 193 
96 78 68 79 88 160 170 179 203 200 
84 72 64 74 91 140 sbyé 168 190 207 
7 65 57 65 70 130 141 150 167 159 
7. 58 54 60 62 122 126 142 154 141 
69 58 51 57 59 115 126 134 146 134 
59 50 44 47 53 98 109 116 120 120 
62 52 46 49 57 103 113 121 126 130 
74 55 47 52 54 123 120 124 133 123 
76 60 52 50 52 127 130 137 128 118 
8&3 64 49 58 59 138 139 129 149 134 
90 73 60 65 86 150 159 158 167 195 
84 7 56 64 79 140 159 147 164 180 
79 75 65 77 98 132 163 171 197 223 
57 47 39 43 40 95 102 103 110 91 
53 41 35 37 35 88 89 92 95 80 
55 41 33 35 32 92 89 87 90 73 
65 50 44 45 49 108 109 116 115 111 
61 47 38 41 44 102 102 100 105 100 
51 38 35 37 39 85 83 92 95 89 
51 38 30 29 26 85 83 79 74 59 
61 43 33 31 36 102 93 ed 80 82 
56 42 BN vom Ileeceoe 93 91 GIN ae Wideoou 
49|  38| 32 \ 38 { he an 82 83 84 \ 97 { Cie 
51 35 30 23 29 85 76 79 59 66 
59 41 32 27 335 || nd OS 89 84 69 80 
63 50 39 41 40 105 109 103 105 91 
65 52 38 42 48 108 113 100 108 109 
79 65 53 60 76 132 141 139 154 173 
72 62 50 59 80 120 135 132 151 182 
Til 63 54 60 86 118 137 142 154 195 
72 59 48 57 70 120 128 126 146 159 
59 CGS erenimeae Pets | ee as 98 QR HIE, Vis ERK | Ree is Bese | ee vaca 5 
72 58 43 50 66 120 126 113 128 150 
74 72 74 OSae Seen 123 157 195 238i eae ee 
71 64 62) 5 ceeee eee 119 139 LBS Sees ies | Bosses 
63 58 49 (2h PR e Ae 105 126 12 TS5a Bett ses 
77 75 69 SQ eee 128 163 182 PALUH eee 
108 94 (how SB Gonllee Sees 180 204 OLE Rese sare sepoose 
76 74 57 [a aS SS 127 161 150 190 | 2SteS 
ODT Pan eeneleecr ac Om ecm AZO ee ee ean TOP Naser 
72 63 65 84 Wi fei 120 137 171 215 ALELES 
77 61 58 Sus. Sas 128 133 153 200) ASE eee 
78 62 57 72 88 130 135 150 185 200 
88 75 57 72 99 147 163 150 185 225 


1 Five-year average 1882-1886 used, because of availability of statistics for a larger number of States 


beginning 1882. 


2 Values reduced to gold basis. 


Prices are based upon shelled corn, at 56 pounds per bushel. 
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THE DISPARITY IN PRICES OF CORN, WHEAT, AND OATS DECREASING. 


As the price of one cereal affects that of the others to a considerable 
degree, their relationship is suggestive. The difference between corn 
and wheat prices has been steadily diminishing. At the beginning 
(1871-1875) the average farm price of wheat in the United States 
on December 1 was 58 cents more than that of corn (wheat $1.02, 
corn 44 cents); at the end only 27 cents (wheat 87 cents, corn 60 
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Fic. 7.—Course of farm prices of wheat, corn, and oats, showing lessening differences. 


cents), the average wheat price dropping from two and one-third 
times that of corn to only about one and one-half times. But as the 
price of oats has not increased as rapidly, the disparity between corn 
and oats has increased, between wheat and oats has narrowed; wheat 
has dropped from about three times the price of oats to a little over 
twice its level. 
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Another element which should be taken into consideration is the 
larger yield in bushels to the acre of corn and oats compared with 
wheat. 

Figure 7 refers to the general level (the average for the United 
States). When the trend of farm prices of corn, wheat, and oats is 
compared for each State or section, it appears that in some the 
tendency pointed out is more marked, in others less so, and in still 
others a contrary trend appears. In Virginia the difference between 
wheat and corn prices dropped from 68 cents (1871-1875) to 28 cents 
(1911-1915). On the other hand, in South Dakota wheat was but 
18 cents higher than corn in 1891-1895, and in 1911-1915 the differ- 
ence increased to 33 cents per bushel. 


TREND OF YIELDS TO THE ACRE. 


The trend of yields, which must be taken into consideration as qualifying 
price conditions, is given in Table 7 in absolute and relative figures. Changes 
can best be followed in the percentages. j 

The average yield for the United States (number of bushels produced to the 
acre) has remained about stationary during the half century under review. 
While increasing yields are shown in by far the greater number of States, a 
decided decline is in evidenee in most of the great corn States. As the latter 
produce the greater part of the national crop, they have a strong depressing 
effect on the weighted general average. 

Most pronounced advances in yields to the acre are shown in the two 
divisions comprising the North Atlantic States. While yields lower than in 
other sections stili prevail in the Southern States, more especially in those 
farthest south, it is in the latter that the increases are most notable. 

The important exception to the general tendency toward larger yields ap- 
pears in the newer States, particularly in the great corn States west of the 
Mississippi. Here a more or less decided decline is in evidence. Details follow. 
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TABLE 7.—Corn: Trend of yields per acre, 1871 to 1915, and geographic 


comparisons. 


[Natural limitations, reflected in yields per acre, as qualifying price factors.] 


States and geographic 
divisions. 


United States 


New England............-. 
Middle Atlantic........... 
South Atlantic. ........... 
East North Central. .....- 
West North Central....... 
East South Central........ 


ssecee 


New Seats dais 
Wermontiie ire she: 


Connecticut........--- 


Middle Atlantic: 
New York. .....:..:.. 
New Jeraey.........-. 
Pennsylvania........- 
South Atlantic: 
DMelaware= oe.422) secs. 
Marylande ss) ie 
Wireiniae gown acne 
West Virginia......... 
North Carolina. ......- 
South Carolina........ 


Nebraska ee 
ansas 


Wyomin 


Yields to the acre, in 5-year averages. 


1911— | 1901— | 1891—- | 1882— | 1871- 

1915. | 1905. | 1895. | 1886. | 1875. 

Bush.| Bush.| Bush.| Bush.| Bush 
2 25 24 27 
44 32 36 32 32 
39 32 32 30 36 
24 19 16 15 18 
36 32 29 29 32 
26 26 24 30 33 
22 19 19 18 20 
19 18 19 18 20 
28 25 22 23))|Gaaesaee 
32 26 25 26 32 
42 33 37 33 28 
44 29 36 32 37 
AQ 31 39 33 36 
45 34 38 31 34 
42 31 31 30 28 
47 35 34 30 30 
37 28 32 29 33 
38 34 32 30 38 
41 35 31 30 37 
33 29 22 18 21 
36 33 24 23 24 
25 23 18 16 21 
31 25 23 23 28 
19 14 13 12 15 
18 10 10 9 10 
15 11 12 ii 11 
15 10 10 9 10 
40 33 29 31 37 
37 33 30 31 32 
33 34 30 27 30 
34 31 27 29 32 
35 30 7 26 31 
33 27 26 29 33 
35 30 30 28 35 

2 

a | 35| a7 |f 28 |-----=- 
23 28 22 35 33 
18 22 22 32 34 
26 25 26 24 29 
25 22 22 21 22 
17 13 13 13 14 
19 15 15 14 16 
20 16 16 16 16 
20 18 21 18 20 
16 P74 ee Sel (seroerse ssezece 
20 18 19 20 
28 23 26 20ilececee 
23 28 24 a) eee | ea 
19 20 20 28hEse aes 
24 25 22 QO NSS teee 
31 22 20 Pale ee ree 
34 26 21 75) eee 
33 | eeseccl emcee DAS eee 
32 28 24 DONE e coaer 
28 22 19 26))|23 soe 
31 24 25 25 28 
37 31 31 27 37 


Measurement of changes in percentages 
of the United States average as base 


(100 per cent). 
1911- | 1901- 
1915. 1905. 
P. ct iPSCts 

1 10 

168 129 
149 129 
92 78 
138 129 
102 105 
84 75 
73 74 
108 98 
123 103 
162 132 
169 116 
162 124 
173 136 
162 124 
181 140 
142 112 
146 136 
158 140 
127 116 
138 | 132 
96{ 92 
119 100 
73 56 
69 40 
58 44 
58 40 
154 132 
142 132 
127 136 
131 124 
135 120 
127 108 
135 120 
96 112 
92 92 
104 100 
88 112 
69 88 
100 100 
96 88 
65 52 
73 60 
ad 64 
77 72 
62 88 
77 72 
108 92 
88 112 
73 80 
92 100 
119 88 
131 104 
127i cee 
123 112 
108 88 
119 96 
142 124 


1891— | 1882- 
1895. 1886. 
Pct P.ct. 
1 100 | 
149 131 
132 124 
69 63 
119 120 
99 124 
79 75 
78 75 
93 98 
104 108 
“154 138 
150 133 
162 138 
158 129 
129 125 
142 125 
133 121 
133 125 
129 125 
92 75 
100 96 
75 67 
96 96 
54 50 
42 38 
50 46 
42 38 
121 129 
125 129 
125 112 
112 121 
112 108 
108 121 
125 117 
er 121 
71 104 
92 146 
92 133 
108 100 
92 88 
54 54 
62 58 
67 67 
88 75 
79 83 
108 
1D) gas -65 
83 
92 
83 
88 
100 
79 
104 
129 
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TREND OF GROSS RETURNS TO THE ACRE. 


The correlation between geographic differences in price per bushel and the 
number of bushels grown to the acre has been developed in table 8. 

It has been seen that cheapening transportation and marketing costs have 
reduced greatly the price advantage of corn growers in States of insufficient 
production, but that a corresponding increase has taken place in the surplus- 
producing States. It was pointed out, on the other hand, that in the latter, 
yields to the acre have generally remained stationary or declined, although 
a marked improvement in yields is shown in the deficiency States. 

In combining these two elements it appears that the general average of 
gross money values to the acre (price X yield) has increased, and so also 
have the figures for each State—some slightly, others greatly; but that, in 
relation to the mounting United States average, either steadily dwindling or 
rising ratios are shown. 

Comparing the progress of the States producing insufficient corn for their 
needs with the advances in the United States average, the South Atlantic 
division alone shows an increasing ratio of returns to the acre; the North 
Atlantic and Hast South Central divisions are about stationary compared to 
the general level, and the Mountain and Pacific sections show a notable and 
steady decline in such a comparison. 

With respect to the two surplus-producing divisions, the East North Central 
States show a marked improvement in relative advantage as seen in the per- 
centage column, but the West North Central States (with the single exception 
of Iowa) show declines more or less pronounced. Kansas, for instance, dropped 
from 100 per cent to 68 per cent of the United States average. 
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TaBLeE 8.—Corn: Gross returns per acre (yield per acre X price per bushel). 


[A review, by States, of the trend of returns per acre of corn, 1871 to 1915.) 


Gross returns per acre. 


Measurement of changes in per- 
centages of the average for the 
United States as base (100). 


States and geographic di- 
visions. j 
1911- 1901- 1891— | 1882- 1871— | 1911— | 1901- | 1891— | 1882- | 1871- 
1915 1905 1895. | 1886. 1875. | 1915. | 1905. | 1895. | 1886. | 1875. 
| | 
Dolls. | Dolls. | Dolls. | Dolls. | Dolls. | P.ct. | P.ct. | P.ct. | P. ct. | P. ct. 
United States..... 15.60 | 11.50 9.12 9.36] 11.88 100 100 100 100 100 
New England..........-- 23.04 | 23.40} 24.64] 27.84 237 200 257 263 234 
Middle Atlantic 19.20} 17.28} 18.30] 23.04 182 167 189 196 194 
South Atlantic-....- 11. 97 8.32 8.70 | 12.06 117 104 91 93 102 
East North Central 14.40} 11.02} 11.60] 12.80 134 125 121 124 108 
West North Central 10. 14 7. 92 9.30 | 10.89 90 88 87 99 92 
East South Central 10. 83 8.55 9.18 | 17.00 99 94 94 98 143 
West South Central 10. 08 9.12} 10.08} 14.80 83 88 100 108 125 
MGWIMbAlne sees a nee ee LIZ) | RSD) |) GE TI a 144 154 157 (049 | poe ee 
PACITICL S22 Watoeeees Soho 17.16 14. 25 19.24 | 30.08 166 149 156 206 253 
New England: 
Maine pasa cee ee ae 35.70 | 24.09] 24.79 | 25.41) 24.64 229 209 272 271 207 
New Hampshire... --. 34.76 | 20.59] 23.40] 25.28] 32.19 223 179 257 270 271 
Vermont s-soe 33.60 | 21.39] 24.96] 24.42] 30.24 215 186 274 261 255 
Massachusetts.......-| 36.90 | 24.48 | 23.94) 23.87] 28.90 237 213 263 255 243 
Rhode Island.....--.. 40. 32 24.18 | 21.08} 23.70 24. 64 258 210 231 253 207 
Connecticut.......--- 39.48 | 25.20] 21.76| 22.20] 27.30 253 219 239 237 230 
Middle Atlantic: 
INewavonke ss. 28.86 | 18.20| 18.24] 18.85] 23.10 185 158 200 201 194 
New Jersey.......--- 27.74 | 19.72| 17.28] 18.00] 23.56 178 171 189 192 198 
Pennsylvania.......- 28.29 | 20.30] 15.81] 17.10] 21.83 181 177 173 183 184 
South Atlanéie: 
Delaware...........- 19.47 | 14.50 9. 68 8.46} 11.13 125 126 106 90 94 
Maryland@<2 222232525 22. 32 17. 16 11. 04 11. 27 13. 68 143 149 121 120 115 
Wirsiniae ee eee 18. 50 12. 65 8. 46 8.32 11. 34 118 110 93 89 95 
West Virginia.......- 23. 56 15. 00 11. 96 11. 50 14. 56 151 130 131 123 123 
North Carolina......- 15.77 8.96 6. 37 6. 96 8. 85 101 78 70 74 74 
South Carolina......- 16. 20 7.30 6. 00 5. 85 8. 60 104 63 66 62 72 
Georeigne eet ee! 12. 60 8. 03 6. 72 7. 04 8. 69 81 70 74 75 73 
MOTI Awe eee ee nee 11. 85 7. 50 6. 50 6. 93 9. 80 76 65 71 74 82 
East North Central: © 
(Oli) a See eae NaceLee 15.51] 11.31] 13.33] 14.80 146 135 124 142 125 
TIndiana......... 13. 53 10. 50 11, 47 11. 20 126 118 115 123 94 
in Gisteee eee aes 13. 94 9. 90 9. 45 9. 60 116 121 109 101 81 
IMichiganees sees sae 15.50 | 11.88) 138.05) 15.68 142 135 130 139 132 
Wisconsin 14.10 | 10.26] 10.66) 13.64 137 123 113 114 115 
West North Central: 
Minnescta..........- 16.83 | 10.26 9.10} 10.73} 12.87 108 89 100 115 108 
To wastes eee a 17. 85 11. 40 9. 00 8.12 9. 10 114 99 99 87 77 
IMISSOUTIER Ee eeeeeee 15.25 | 12.04 9. 57 8.99 |} 10.80 98 105 105 96 91 
North Dakota......-- 13. 44 9. 66 7.40 \ 9.50 86 84 81 101 
South Dakota......-- 13. 23 9. 50 5. 44 palit Resi ae 85 83 GOS (fis tees seen 
INebraskassoea et ast 11. 73 9. 80 6. 60 8.05 9. 57 75 85 72 86 81 
ECATISA SHE es 10. 62 9. 02 7.04 8.64 | 11.90 68 78 77 92 100 
East South Central: 
Kentucky..........-- 16.38 12.50 10. 14 9. 84 11. 60 105 109 111 105 98 
Tennessee........---- 16. 25 11. 44 8. 36 8. 82 10. 56 104 99 92 94 89 
IIa bpaMaAse sae ccc 13. 43 8. 45 6. 89 7. 80 10. 64 86 73 76 83 90 
Mississippi-.........- 13. 68 9.30 7. 50 8.26 | 12.80 88 81 82 88 108 
West South Central: 
MouIsianaee ae eee eee 14.20} 10.08 8. 64 9.60 | 13.76 91 88 95 103 116 
MexASt wae Mae ae oh 14. 40 10. 62 10. 08 10. 26 14. 00 92 ! 92 111 110 118 
Oklahoma.........-- 9. 44 Ce ee eset geile | Peron ieee Sets aetes 61 es Bemeees Saaacice peoons 
PAT KANSASS ce caeieeee 14.40 | 10.44 8.17} 10.00} 15.18 92 91 90 107 128 
Mountain: 
Montana............- 2072) 16256) | 19524) | 2418) | eee ee 133 144 211 25802 eee 
Wiyomings 2s. a 55.52. 16. 33 17. 92 PAROS See sl selec 105 156 i 9 35) |e ets ee 
Goloradoica sais aces 11. 97 11. 60 OF80) |) 2O81G eeseee ae 77 101 107 PA BR a 
New Mexico.......-.- 18. 48 18. 75 15. 18 HOSA Heese. 118 163 166 Gy Re = 
INVA IE se CS nOBGs oe sae 33.48 | 20.68 5220") see Sece Pes ecias 215 180 AGA ere ees fe er at 
Witab Seen 25. 84 19. 24 11. 97 WBO2s|S5 5 eee 166 167 131 NS2bl ences 
Nevadario cen teee ens 332.609 Seen ssc aeeere 16280) | 5 2ee PO eee ts eae i) Seaesss 
fdahoserseccescepeee. 23.04 | 17.64] 15.60] 18.48 |...-.... 148 153 171 197s| Fosse 
Pacific: | 
Washington.......... 21. 56 13. 42 11. 02 2OS28"||5 see 138 117 121 DAW (al (B esese 
Oregon.....--- --| 24.18 14. 88 14.25 18.00 | 24. 64 155 129 156 192 207 
Cahiormiateeeee aoe tee 32.56 | 23.25 | 17.67] 19.44] 36.68 209 202 194 208 308 
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In conclusion, a statistical review from 1871 to 1915 is appended 
in Table 9, showing geographic changes in sources of the domestic 
corn supply, relation of production to population, and other factors. 

Since 1871-1875 corn production has nearly trebled, but the frac- 
tion as well as quantity of corn exported has declined, likewise the 
percentage of shipments out of counties where grown. Consequently, 
the farm consumption has increased. Per capita production, how- 
ever, has declined since 1882-1886 (31 bushels per capita against 28.5 
in 1911-1915). 

Notwithstanding the fact that the average production has increased 
from about 1 billion bushels at the first period to 22 billions at 
the last, the percentage of corn in the total improved land has fallen 
off. Increased crops are due to new areas which have been brought 
under cultivation rather than to an increased proportion of farm 
Jand devoted to corn. 

Of the two corn-surplus divisions, the West North Central section 
has nearly quadrupled its production, while the crop of the East North 
Central States has less than doubled. The fraction of the national 
crop produced in the East North Central States has dropped from 
38.8 per cent in 1871-1875 to 28.7 per cent in 1911-1915, while in the 
West North Central part in the same periods it has risen from 25.2 
per cent to 35.9 per cent. A similar reversal obtains in hog produc- 
tion, which absorbs the largest quantity of corn in these two divi- 
sions. But, while the per cent of the total improved land occupied 
by corn has increased slightly in the older section, it has declined 
notably in the newer or western half. Moreover, in proportion to 
population (per capita production) in the more recent periods di- 
minishing ratios are shown. 

By far the highest percentage of increased production is shown 
in the Mountain States, wherein production has increased 347 per 
cent in the last decade (although per capita production has risen 
only from 2 bushels to 4.6 bushels). Secondary only to those of this 
section are the increased crops in the corn-deficiency States farthest 
to the south and north; on the south from South Carolina to Louis- 
jana, and on the north from Washington to the Dakotas. - 
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SUMMARY. 


Local types of agriculture are established by a combination of 
physical and commercial limitations. Yields to the acre may be said 
to reflect limitations of climate and soil; the farm or producers’ 
price is a result of commercial factors which vary with each item of 
farm production in a section. Moreover, such factors are dynamic 
in character, 

Extreme geographic variations prevail in the farm price of a 
product throughout the United States. Prices rise in the direction 
taken by the flow of a commodity from the regions of surplus to 
those of deficient production. A region of high prices for one prod- 
uct may have decidedly low prices for another. Such variations are 
usually consistent and may be illustrated in corn prices. 

Lowest prices are paid to producers of corn in the corn belt, from 
eastern Nebraska to western Ohio. The minimum price is found in 
the northwestern corner of this section, in adjoining parts of Iowa, 
Minnesota, South Dakota, and Nebraska. This area of minimum 
price forms a depression, moving away from which prices attain 
constantly higher levels to all points of the compass. The degree of 
price increase is unequal; slowest across through the corn belt, 
but more pronounced when the eastern States are reached. West- 
ward and northward, where areas of scant production are close 
at hand, and where corn moves in smaller volume, price levels rise 
rapidly. This is also true farther to the south. The maximum 
prices are found in the Southwest and Southeast, in the sections 
producing insufficient. corn which are farthest from the corn belt. 

Within the territory of low corn prices are comprised the areas 
of greatest corn and live-stock production. They contribute almost 
the entire gross corn supply of the country and substantially all the 
corn entering trade channels. ‘The minimum price obtains in the 
part of the corn belt which is most disadvantageously located with 
regard to important markets. All other sections produce less than 
their requirements and must supplement local crops by shipments 
from the surplus-producing country. 

Prices rise irregularly in the direction of this distributive move- 
ment, which is somewhat complex. The trade currents are influenced 
by the manifold uses of corn, conditions in foreign and domestic | 
live stock and grain markets, and the flexible character of the demand 
as expressed by variations in annual corn consumption. In tracing 
the geography of corn production in relation to prices, consumption, 
and commerce, notable regional differences are encountered. The — 
bulk of the crop is consumed where it is produced—in the corn belt— 
for live-stock production; in the western half of the country hardly 
2 per cent of the nation’s crop is produced; and here, as in the 


GEOGRAPHICAL PHASES OF FARM PRICES: CORN. 43 


most southern States, its high price and comparative scarcity limit 
its use for live-stock production. Throughout the country large 
local consuming centers of an industrial character have sprung up; 
in the New England States many million bushels are consumed in 
glucose and starch manufacture; a strong local demand for corn 
existed in Chicago, Indianapolis, St. Louis, and Peoria for use in 
manufacture of corn products and in distilling and brewing. 

While a strongly defined greographic trend prevails in the price 
levels, much local unevenness is observable, as well as irregularity 
in the degree of increase. This is particularly manifest in regions 
which are mountainous, with inadequate transportation facilities 
or otherwise not well situated as to markets. It is also seen in areas 
wherein corn traffic is in smaller volume. In the midst of sections 
of insufficient production localities raising a surplus appear occa- 
sionally; the level of prices there is lower than in surrounding 
territory. 

The outstanding feature of the distributive movement of corn is 
the local character of its markets, for only a fifth of the crop enters 
the national trade channels. Farm consumption absorbs over four- 
fifths of the crop; hence local conditions are partly responsible for 
much unevenness in the trend of the price levels. In some localities 
costs of hauling from farms to shipping points appear to be greater 
in time of peace than rail and ocean freight charges to some Euro- 
pean markets. Diverse elements enter into local prices, such as the 
condition of roads, accessibility of markets, availability of cheaper 
water transportation, and the character of the local demand. 

Although urban consumption disposes of only about a sixth of the 
crop, a considerably larger fraction is concentrated in urban markets 
for local use and reshipment. The largest markets are in the corn 
belt ; they reship two-thirds of their receipts. Unlike wheat, markets 
for corn in other sections of the country are of mmor importance. 

Freight rates constitute the most important single element in 
price disparities. While distance is an important factor, rates are 
not directly proportional thereto. Competition between trade routes 
and markets, and volume of traffic, tend to lower rates in the sections 
affected. 

In aligning sectional differences in farm prices with costs of pro- 
duction it is necessary to take into account yields to the acre. In 
the main, low farm prices are offset by high costs of production, 
and the converse also is true. High prices and high yields in bushels 
to the acre result in low money returns in the industrial East, be- 
cause of high costs of production; high prices and low costs of pro- 
duction, but also low yields to the acre, result in relatively low 
money returns in the South. 
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Specific application of the maps and tables of this publication 
should take cognizance of the characteristics of the data. Counties 
are the units of measurement, and the figures represent customary 
conditions as determined by a five-year average. Prices reflect 
dynamic conditions. However, an unusual harvest or a market con- 
dition upsetting the ordinary course of business in a given product, 
will also disturb the price zones. 

The normal price ratios, too, are slowly changing, in accord with 
economic conditions, of which they constitute an index. A review 
of price factors from 1871 -to 1915 serves to indicate the present 
trend. While the United States average farm price of corn has 
risen, the geographic differences have been approximately cut in two, 
coinciding with decreasing transportation and marketing costs. In 
relation to the general average, the prices in corn-exporting States 
have risen rapidly and steadily; in corn-deficiency States the ratio 
has dropped even more notably. In some cases, notwithstanding 
the general rise in price levels, specific sections show declining prices 
as well as price percentages. 

Corn and wheat prices are rapidly drawing closer. A 60-cent dis- 
parity in 1871-1875 has dwindled to 20 cents in 1911-1915. On the 
other hand, price disparity between corn and oats has widened be- 
cause of the more rapid rise of corn prices. 

The ramifications of price factors involve the entire economic 
structure. The charting of concrete geographic differences has pos- 
sibilities of practical use. Presentation of only a few of the general 
bearings of the price conditions has been attempted here, for it has 
been manifestly impossible in this inquiry to enter into specific local 
surveys. It is also evident that no one factor determines the price 
zones, but each more or less determinate element is affected by others. 


AVERAGE FARM PRICE OF CORN, 


Alabama: 
65 to 69 cents— 


Jackson. 
Lauderdale. 
Limestone. 
Madison. 


70 to 74 cents— 


Colbert. 
Dekalb. 
Franklin. 
Lawrence. 
Marshall, 
Morgan. 


80 to 84 cents— 


Baldwin. 
Blount. 
Bullock. 
Butler. 
Calhoun. 
Cherokee. 


Cleburne. 
Conecuh. 
Crenshaw. 
Cullman, 
Dallas. 
Escambia. 
Etowah. 
Greene. 
Hale. 
Lowndes. 
Marengo. 
Marion. 
Mobile. 
Monroe. 
Montgomery. 
Perry. 
Sumter. 
Talladega. 
Washington. 
Wilcox. 
Winston. 


85 to 89 cents— 


Autauga. 
Barbour. 
Bibb. 
Chambers, 
Chilton. 
Coffee. 
Coosa. 
Covington. 
Dale. 
Elmore. 
Fayette. 
Geneva. 
Henry. 
Houston. 
Jefferson. 
Lamar. 


BaTaGIpR: 
Russell. 

St. Clair. 
Shelby. 
Tallapoosa. 
‘Tuscaloosa. 
Walker. 


APPENDIX. 


Arizona : 
95 to 99 cents— 


Cochise. 
Graham. 
Greenlee. 
Maricopa. 
Pima. 
Pinal. 
Santa Cruz. 


$1 and over— 


Apache. 
Gila. 
Navajo. 
Yavapai. 


Arkansas: 
60 to 64 cents— 


Benton. 
Boone. 
Carroll. 
Madison. 
Marion. 
Washington. 


65 to 69 cents— 


Baxter. 
Clay. 
Craighead. 
Crawford. 
Franklin. 
Fulton. 
Greene. 
Johnson. 
Lawrence. 
Mississippi. 
Newton. 
Randolph. 
Searcy. 
Sharp. 
Stone. 


70 to 74 cents— 


Ashley. 
Chicot. 
Cleburne. 
Conway. 
Crittenden. 
Cross. 
Desha. 

Drew. 
Independence. 
Izard. 
Jackson. 
Logan. 
Montgomery. 
Perry. 
Poinsett. 
Pope. 

St. Francis. 
Scott. 
Sebastian. 


75 to 79 cents— 


Arkansas. 
Clark. 
Cleveland. 
Faulkner. 
Garland. 
Grant. 
Hempstead. 
Hot Spring. 
Howard. 
Jefferson. 
Lafayette. 


\ 


ee 
75 to 79 cents— 


Lee. 
Lincoln. 
Little River. 
Lonoke. 
Miller. 
Monroe. 
Phillips. 
Pike. 
Polk. 
Prairie. 
Pulaski. 
Saline. 
Sevier. 
White. 
Woodruff. 


80 to 84 cents— 


Bradley. 
Calhoun. 
Columbia. 
Dallas. 
Nevada. 
Ouachita. 
Union. 


California : 
80 to 84 cents— 


Kings. 
Monterey. 
San Diego. 


San Luis Obispo. 


Santa Cruz. 


85 to 89 cents— 


Los Angeles. 
Marion. 
Mendocino. 
Napa. 
Orange. 
Sacramento. 
San Joaquin. 


Santa Barbara. 


Sonoma. 
Tulare. 
Ventura. 


Colorado : 
60 to 64 cents— 


Logan. 
Phillips. 
Sedgwick. 
Yuma. 


65 to 69 cents— 


Baca. 

Bent. 
Cheyenne. 
Kiowa. 

Kit Carson. 
Lincoln. 
Morgan. 
Prowers. 
Washington. 


70 to 74 cents— 


Adams. 
Arapahoe. 
Boulder. 
Custer. 
Denver. 
Douglas. 
Hilbert. 


BY COUNTIES, 1910-1914. 


Colorado—Continued. 
70 to 74 cents— 


Hl Paso. 
Gilpin. 
Huerfano. 
Jefferson. 
Larimer. 
Las Animas. 
Otero. 
Pueblo. 
Washington. 
Weld. 


90 to 94 cents— 


Delta. 
Mesa. 


Connecticut : 
80 to 84 cents— 


Hartford. 
Middlesex. 
New Haven. 


Windham. 


85 to 89 cents— 


Fairfield. 
Litchfield. 


Delaware: 
60 to 64 cents— 


Kent. 
New Castle. 


80 to 84 cents— 


Calhoun. 
Columbia. 
Franklin. 
Gadsden. 
Hamilton. 
Jackson. 
Jefferson. 
Leon. 
Liberty. 
Madison. 
Suwanee. 
Wakulla. 


85 to 89 cents—- 


Alachua. 
Escambia. 
Holmes. 
Lafayette. 


Santa Rosa. 
Taylor. 
Walton. 
Washington. 


90 to 94 cents— 


Baker. 
Bradford. 


Hillsboro. 
Lake. 
Manatee. 
Nassau. 
Orange. 
Osceola. 


45 
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Florida—Continued. Georgia—Continued. Illinois—Continued. Illlinois—Continued. 
90 to 94 cents— 85 to 89 cents— 0 to 54 cents 60 to 64 cents— 


Pasco. Muscogee. Dewitt. Lake. 
Pinellas, Newton. Douglas. Monroe. 
Polk. Paulding. Edgar. Perry. 
Sumter. Pike. Edwards. Randolph. 
Volusia. Pulaski. Ford. Washington. 
Georgia: Rockdale. Gallatin. Williamson. 

75 to 79 cents— Schley. Grundy. Indiana : 
Catoosa. Spaulding. Hancock. 50 to 54 cents— 
Dade. Stephens. Henderson. Adams. 
Fannin. Sumter. Henry. Allen. 
Gilmer. Talbot. Iroquois. Bartholomew. 
Murray. Taylor. Jasper. Benton. 
Rabun. Tift. Kankakee. Blackford. 
Towns. Troop. Knox. Boone. 
Union. Turner. La Salle Brown. 
Walker. Twiggs. Lawrence. Carroll. 
Whitfield. Upson. Lee. Cass. 

80 to 84 cents— Wilcox. Livingston, Clay. 
Baker. Wilkinson. Logan. Clinton. 
Bartow. 90 to 94 cents— McDonough. Daviess. 
Brooks. Appling. McLean. Decatur. 
Calhoun. Baldwin. Macon. Dekalb. 
Chattooga. Bryan. Marshall. Delaware. 
Cherokee. Bulloch. Mason. Elkhart. 

’ Clay. Burke. Menard. Fayette. 
Colquitt Butts. Mercer. Fountain. 
Dawson. Camden. Morgan. Franklin. 
Decatur. Charlton. Moultrie. Fulton. 
Dougherty. Chatham, Ogle. Gibson. 
Early. Clarke. Peoria. Grant. 
Floyd. Columbia. Piatt. Greene. 
Forsyth. Effingham. Putnam. Hamilton. 
Gordon. Elbert. Richland. Hancock. 
Grady. Emanuel. Rock Island. Hendricks, 
Habersham. Glascoek. Sangamon. Henry. 
Lee. Glynn. Scott. Howard. 
Lumpkin. Greene. Shelby. Huntington. 
Miller. Hancock. Stark. Jasper. 
Milton. Hart. Tazewell. Jay. 
Mitchell. Jackson. Vermilion. Jennings. 
Pickens. Jasper. Wabash. Johnson. 
Polk. Jeff Davis. Warren. Knox. 
Quitman. Jefferson. White. Kosciusko. 
Randolph. Jenkins. Whiteside. Lagrange. 
Stewart. Johnson. Woodford. Laporte. 
Terrell. Jones. 55 to 59 cents— Madison. 
Thomas. Laurens. Adams. Marion. 
Webster. Liberty. Alexander. Marshall. 
White. Lincoln. Bond. Miami. 
Worth. McDufée. Boone. Monroe. 

85 to 89 cents— Mcintosh. Brown. Montgomery. 
Banks. Madison. Calhoun. Morgan. 
Ben Hill Montgomery. Cass. Newton. 
Berrien. Morgan. Clay. Noble. 

ibb. Oconee. Effingham. Owen. 
Bleckley. Oglethorpe. Fayette. Parke. 
Campbell. Pieree. Fulton. Porter. 
Carroll. Putnam. Greene. Posey. 
Chattahoochee. Richmond. Hamilton. Pulaski. 
Clayton. Screven. Hardin. Putnam. 
Clinch. Taliaferro. Jackson. Randolph. 
Cobb. Tattnall. Jersey. Rush. 
Coffee. Telfair. Jo Daviess. St. Joseph. 
Coweta. Toombs. Johnson. Shelby. 
Crawford. Walton. Kane. Starke. 
Crisp. Ware. Kendall. Steuben. 
Dekalb. Warren. McHenry. Sullivan. 
Dodge. Washington. Macoupin. Tippecanoe. 
Dooly. Wayne. Marion. Tipton. 
Douglas. Wheeler. Massac. Union. 
Echols. Wilkes. Montgomery. Vermilion. 
Wayette. Idaho: Pike. Vigo. 
Franklin. 65 to 69 cents— Pope. Wabash. 
Fulton. Canyon. Pulaski. Warren. 
Gwinnett. Latah. Saline. Wayne. 
Hall. Nez Perce. Schuyler. Wells. 
Haralson. Tllinois: Stephenson. White. 
Harris. 50 to 54 cents— Union. Whitley. 
Heard. Bureau. Wayne. 55 to 59 cents— 
Henry. Carroll. Will. Clarke. 
Houston. Champaign. Winnebago. Dearborn. 
Irwin. Christian. 60 to 64 cents— Dubois. 
Lowndes. Clark. Clinton. Jackson. 
Macon. Coles. Cook. Jefferson. 
Marion. Crawford. Dupage. Lake. 
Meriwether. Cumberland. Franklin. Lawrence. 
Monroe, Dekalb. Jefferson. Martin, 
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Kansas—Continued. 
60 to 64 cents— 


Iowa—Continued. 
50 to 64 cents— 


Indiana—Continued. Kentucky—Contd. 


60_to 64 cents— 


55 to 59 cents— 
O 


hio. Jefferson. Cowley. Breckinridge. 

Pike. Johnson. Decatur. Bullitt. 
Ripley. Keokuk. Hdwards. Butler. 
Scott. Lee. Hilk. Calloway. 
Spencer. Linn. Ellsworth. Carroll. 
Switzerland. Louisa. Ford. Casey. 
Vanderburg. Lucas, Graham. Christian. 
Warrick. Madison. Gray. Clark. 

60 to 64 cents— Mahaska. Greenwood. Clinton. 
Crawford. Marion. Harper. Cumberland. 
Floyd. Mills. Harvey. Edmonson. 
Harrison. Mitchell. Hodgeman. Estill. 
Orange. Monroe. Kingman. Fayette. 
Perry. Montgomery. Kiowa. Gallatin. 
Washington. Muscatine. Labette. Garrard. 

Iowa: Page. Lincoln. Grayson. 

45 to 49 cents— Pottawattamie. McPherson. Green. 
Audubon. Poweshiek. Marion. Greenup. 
Boone. Ringgold. Meade. Hardin. 
Bremer. Scott. Mitchell. Hart. | 
Buena Vista. Tama. Montgomery. Jessamine, 
Butler. Taylor. Norton. Larue. 
Calhoun. Union. Osborne. Lewis. 
Carroll. Van Buren. Ottawa. Lincoln. 
Cerro Gordo. Wapello. Pawnee. Logan. 
Cherokee. Warren. Pratt. Madison. 
Chickasaw. Washington. Rawlins. Marion. 
Clay. Wayne. Reno. Marshall. 
Crawford. Winneshiek. Rice. Meade. 
Dallas. 55 to 59 cents— Rooks. Mercer. 
Dickinson. Clinton. Russell. Metcalf. 
Emmet. Dubuque. Saline. Monroe. 
Floyd. Jackson. Sedgwick. Muhlenberg. 
Franklin. Jones. Seward. Nelson. 
Greene. Kansas : Sheridan. Ohio. 
Grundy. 55 to 59 cents— Sherman. Rock Castle, 
Guthrie. Allen. Stafford. Russell. 
Hamilton. Anderson. Stevens. Scott. 
Hancock. Atchison. Sumner. Simpson. 
Hardin. Bourbon. Thomas. Spencer. 
Harrison. Brown. 65 to 69 cents— Taylor. 
Humbolt. Clay. Ellis. Todd. 

Ida. Cloud. Finney. Trigg. 
Jasper. Coffey. Gove. Trimble. 
Kossuth. Crawford. Grant. Warren. 
Lyon. Dickinson. Greeley. Washington. 
Marshall. Doniphan. Hamilton. Woodford. 
Monona. Douglas. Haskell. 65 to 69 cents— 
O’Brien. Franklin. Kearny Anderson. 
Osceola. Geary. Lane Bath. 
Palo Alto. Jackson. Logan Boyd. 
Plymouth. Jefferson. Morton. Bracken. 
Pocahontas. Jewell. Ness. Campbell. 
Polk. Johnson. Rush. Carter. 
Sac. Leavenworth. Scott. Elliott. 
Shelby. Linn. Trego Fleming. 
Sioux. Lyon. Wallace Franklin. 
Story. Marshall. Wichita Grant. 
Webster. Miami. Kentucky : Harrison. 
Winnebago. Morris. 55 to 59 cents— Henry. 
Woodbury Nemaha. Ballard. Jefferson. 
Worth. Neosho. Caldwell. Johnson. 
Wright. Osage. Carlisle. Kenton. 

50 to G4 cents— Phillips. Crittenden. Lawrence. 
Adair. Pottawatomie. Daviess. Mason. 
Adams. Republic. Fulton. Menifee. 
Allamakee. Riley. Graves. Montgomery. 
Appanoose. Shawnee. Hancock. Nicholas. 
Benton. Smith. Henderson. Oldham. 
Blackhawk. Wabaunsee. Hickman. Owen. 
Buchanan. Washington. Hopkins. Pendleton. 
Cass. Wilson. Livingston. Powell. 
Cedar. Woodson. Lyon. Robertson. 
Clarke. Wyandotte. McCracken. Rowan 
Clayton. 60 to 64 cents— McLean. Shelby. 
Davis. Barber. Union. 70 ite 74 cents— 
Decatur. Barton. Webster. Bell. 
Delaware. Butler. 60 to 64 cents—- Breathitt. 
Des Moines. Chase. Adair. Way. 
Fayette. Chautauqua. Allen. Floyd, 
Fremont. Cherokee. Barren. Jackson, 
Henry. Cheyenne, Boone. Knox. 
Howard. Clark, Bourbon, Laurel. 
Towa. Comanche, Boyle, Lee, 


——— 
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Kentucky—Contd. Maryland: Michigan—Contd. Minnesota-—Contd. 

70 to 74 cents— 60 to 64 cents— 65 to 69 cents— 55 to 59 cents—- 
McCreary. Baltimore. Crawford. Becker. 
Magoffin. Caroline. Genesee. Chisago. 
Martin. Carroll. Gladwin. Clay. 
Morgan. Cecil. Grand Traverse. Hennepin. 
Owsley. Dorchester. Huron. Hubbard. 
Pulaski. Frederick. losco. Kanabec. 
Wayne. Harford. Kalkaska. Mille Lacs. 
Whitley. Howard. Lapeer. Morrison. 
Wolfe. Kent. Leelanau. Norman. 

75 to 79 cents— Montgomery. Macomb. Pine. 
Harlan, Queen Annes. Midland. Ramsey. 
Knott. Somerset. Muskegon. Todd. 
Leslie. Talbot. Newaygo. Wadena. 
Letcher. Washington. Oakland. Washington. 
Perry. '; Wicomico. Oceana. 60 to 64 cents— 
Pike. Worcester. Ogemaw. Aitkin. 

Louisiana : 65 to 69 cents— Otsego. Beltrami._ 

65 to 69 cents— Anne Arundel. Ottawa. Cass. 
Ascension. Calvert. Roscommon. Clearwater. 
Assumption. Charles. Saginaw. Crow Wing. 
Avoyelles. Prince George. St. Clair. Kittson. 
Iberia. St. Marys. Sanilac. Mahnomen. 
Theva 75 Ke 79 cents— Tuscola. Marshall 
Lafayette. Allegany. ora ennington. 
Pointe Coupee. Garrett. 1d he vier te Polk. 

St. Landry. Massachusetts : Cheboygan. Red Lake. 

St. Martin. 80 to 84 cents— Emmet. _ Roseau. 

St. Mary. Berkshire. , “ Mississippi : 

West Baton Rouget Hssex. Minnesota 65 to 69 icents—— 
West Feliciana. Franklin. 45, to 49 cents— Adams 

70 to 74 cents— Hampden. Bigstone. RaERe: 
Catahoula. Hampshire. Blue Earth. Claiborne 
Concordia. Middlesex. Brown. Wranklinw 
East Baton Rouge. Norfolk. Chippewa. Issaquena 
East Carroll. Suffolk. Cottonwood. Jefferson. 
Hast Feliciana. Worcester. Faribault. Sharkey. 
Franklin. 85_to 89 cents— Freeborn. ‘Warren. 
Grant. Barnstable. Jackson. Wilkinson 
Jefferson. Bristol. Kandiyohi. 70 to 74 cents— 
Lafourche. Dukes. Lac qui Parle. Lale@ea 
La Salle. Nantucket. Le Sueur. Benton 
Livingston. _ _ Plymouth. Lincoln. Bolivar 
Madison. Michigan : Lyon. Copiah. 
Morehouse. 55 _to 59 cents— McLeod. De Soto 
Orleans. _ Berrien. Martin. Stak. 
Plaquemines. Branch. Murray. Holmes. 
Richland. Cass. Nicollet. Lincoln. 

St. Bernard. Hillsdale. Nobles. Madison: 
St. Charles. Kalamazoo. Pipestone. Marshall 
St. Helena. Lenawee. Redwood. Pikes 
St. James, Monroe. Renville. Prentiss. 
St. John. St. Joseph. Rice. Santino 
Tensas. Van Buren. Rock. Tippah. 
Terrebonne. 60 to 64 cents— Sibley. Tishomingo. 
West Carroll. Allegan. Steele. Union. 

75 to 79 cents— Barry. Swift. Washington. 
Acadia. Benzie. Waseca. WeGoe 
Bossier. Calhoun. Watonwan. _ 75 to 79 cents— 
Caddo. Clare. Yelloy Medicine. Attala. 
Caldwell. Clinton. 50 to 54 cents— Calhoun. 

De Soto. Eaton. Anoka, Carroll. - 
Evangeline. Gratiot. Benton. Chickasaw. 
Natchitoches. Ingham. Carver. Choctaw. 
Ouachita, Tonia. Dakota. Clay. 
Rapides. Isabella. Dodge. Coahoma. 
Red River. Jackson. Douglas. Grenada. 
St. Tammany. Kent. Fillmore. Itawamba. 
Tangipahoa. Lake. -Goodhue. Jefferson Davis. 
Vermilion. Livingston. Grant. Lafayette. 
Washington. Manistee. Houston. Lawrence. 
Winn. Mason. Tsanti. Leake. 

80 to 84 cents— Mecosta. Meeker. Lee. 

Allen. Missaukee. Mower. Leflore. 
Beauregard. Montcalm. Olmsted. Marion. 
Bienville. Osceola. Ottertail. Montgomery. 
Calcasieu. Shiwassee. Pope. Oktibbeha. 
Cameron. Washtenaw. Scott. Panola. 
Claiborne, Wayne. Sherbourne. Pontotoc. 
Jackson. ~ _ Wexford. Stearns. Quitman. 
Jefferson Davis. 65 to 69 cents— Stevens. Rankin. 
Lincoln. Alcona. Traverse. Scott. 
Sabine. ‘Alpena. Wabasha. Simpson. 
Union. Antrim. Wilkin. Tallahatchie. 
Vernon. Arenac. Winona.” Tate. 
Webster. Bay. Wright. Tunica. 
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New Jersey—Contd. 


Mississippi—Contd. Missouri—Continued. Nebraska—Contd. 
7 70 to 74 cents— 


5 to 79 cents— 0 to 64 cents— 50 to 54 cents— 


Webster. Dade. dams. Monmouth. 
Winston, Greene, Buffalo. Morris. 
Yalobusha. Henry. Butler. Salem. 

Be ie ae cents— Pelee Cass. Somerset. 

arke, efferson. Cherr Union. 
Covington. Johnson. Clay ‘i Warren. 
Bese Tala ie. Custer: 75 me 79 cents— 

eorge. wrence. awson tlantic. 
Greene. Lincoln. Douglas. Berens 
PEC OR: Meponald: Haire: qabe May. 

arrison. Madison. ranklin. umberland, 
Jackson. Moniteau. Frontier. ERS Gl ae 
Jasper. Montgomery. Gage. Hudson. 
Jones. Morgan. Garden. Ocean. 
Benuer nae Geen Ree 

: y. rant. SuSSexX. 

Lauderdale, Pettis, Greeley. News Meeien 
Monroe. St. Charles, Enea re Uy Cea 
Neshoba. St. Clair. Hayes. ~ Quan 
Newton. St. Francois. Hooker. Roosevelt 

earl River. aline. : ° 

Perry. Stoddard. s ound Union. 
ellerson. 85 to 89 cents— 
Wayne Wasser oeueon Chaves. — 
4 yne. ° earney. A 
Missouri : 65 to 69 cents— Lancaster. nade 

50 ce eR a a Tipo: Guadalupe 
= = : arter. ogan, * fi 

55 to 59 cents— Cole. McPherson, Nora 
Adair. Crawford. Merrick. Otero. 

. Andrew. Dallas. Nemaha. San Miguel 
aeeai: Dent. Neer alle: Taos. j 
Bates. Franklin, Baier! Tosrence, 
Buchanan. Gasconade Phelps. oH Eb Se) Ge 
Caldwell. Hickory. — Polk. — Bernat eie. 
Cape Girardeau. Iron. Richardson, Gennes 
CaaS: . Laclede, Saline. Luna, 
Chariton, Miller. Saneiee Mero aley. 
Clark s 0 Rio Arriba. 
Gian Oregon. Seward, Sandoval 
Clint Osage. Sherman. Sane 
Dari on. Ozark. Thayer. Santa Fe. 
Daviess. Ripley. Thomas. Sierra. — 
Dunklin, Bt Louis. leak Socorro. 
Gentry. Waeaiered we Valenda. 
Grundy. Wayne : 55 to 59 cents— New York: 
Harrison, ates ; 70 to 74 cents— 
Holt WeDeler Eee IGE 

. yright. ase. egany. 
Bowed, 70 to 74 cents— Cheyenne. Broome. 
Kena Howell. Dawes. Cattaraugus. 
Tastes Phelps. Leuel. Chautauqua. 
inn: Pulaski. Dundy. Chemung. 
Livingston Bexnolns, Hara, Conblana: 
Macon Z Shannon, Harlan. Erie. 
ATSiion Texas. Hitchcock. Genesee. 
Merced Nebraska : Perkins. Livingston. 
Mississippi. 45 to 49 cents— Redwillow. Niagara. 

ance Antelope Sheridan. Orleans, 
New Madrid Blane 60 to 64 cents— Schuyler. 
Nodaway. y Boone. Banner. Steuben. 
Peniiscat Boyd Kimball. Tioga. 

. i * Scottsbluff. Tompkins. 
Pike. Brown, : . : 
Platte. Burt. Sioux. é Wyoming. 
Putnam. Cedar. New Hampshire: 75 to 79 cents— 
Ralls. Colfax. 75 to 79 cents— Cayuga. 
Randolph. Cuming, Hillsboro. Chenango. 
Ray. Dakota. Rockingham. Delaware. 
Schuyler. Dixon. 80 to 84 cents— Franklin. 
Scotland, Dodge. Belknap. Jefferson, 
eee Garfield. canoe LENE 

helby. Holt. eshire. Madison, 
Sullivan. Keyapaha, Coos. Monroe. 
Vernon. Knox. Gratton. a Onelae- 

orth. Loup. errimack, nondaga, 

60 a2 64 cents— Madison: Siratord: Ontane. 

arry. ance, ullivan, range, 
Benton. Pierce. New Jersey: Oswego. 
Bollinger. Platte. 70 to 74 cents— Rockland. 
poe Hece Harlington. ee Lawrence. 

m anton. amden. eneca. 
Callaway. Thurston. Gloucester. Sullivan. 
Cedar. Washington. Hunterdon. Wayne. 
Christian. Wayne. Mercer. Westchester. 
Cooper. Wheeler. Middlesex. Yates. 
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New York—Contd. 
80 to 84 cents— 


North Carolina—Con. Ohio—Continued. 
0 to 54 cents— 


Oklahoma—Contd. 
55 to 59 cents— 


yo ~~ 


85 to 89 cents— 
Pitt. 


Albany. itt. Franklin, Caddo. 
Clinton. Randolph. Fulton. Custer. 
Columbia. Rockingham. Greene. Dewey. 
Dutchess. Rowan, Hancock. Ellis. 
Essex. Stokes, Hardin, Roger Mills. 
Fulton. Surry Henry. Washita. 
Greene. Tyrrell. Logan. 60 to 64 cents— 
Hamilton. Vance Madison. Adair. ; 
Herkimer, Warren. Marion, Alfalfa. 
Kings. Washington. Mercer. Beaver. 
Montgomery. Watauga. Miami. Canadian. 
Nassau. Wayne. Paulding. Cherokee. 
Otsego. Wilkes. Preble. Cimarron. 
Putnam. Yancy. Putnam. Cleveland. 
Queens. 90 to 94 cents— Shelby. Comanche, 
Rensselaer. Anson. Union. Cotton. 
Richmond. Carteret. Van Wert. Craig. 
Saratoga. Cumberland. Williams. Delaware. 
Schenectady. Duplin. Wood. Garfield. 
Schoharie. Franklin. Wyandot Garvin. 
Suffolk. Harnett. 55 to 59 cents— Grady. 
Ulster. Hoke. Ashland Grant. 
Warren. Johnston. Butler Greer. 
Washington, Jones. Clinton Harmon. 
North Carolina : Lee. Crawford. Harper. 

75 to- 79 cents— Montgomery. Fairfield. Jackson. 
Alexander. Moore. Highland. Kay. 
Buncombe. Nash. Huron. Kingfisher. 
Burke. Onslow. Knox. Kiowa. 
Caldwell. Sampson. Licking. Logan. 
Davie. Stanly. Lucas. McClain. 
Haywood Union. Montgomery. Major. 
Tredell. Wake. Morrow. Mayes. 
McDowell. Wilson. Ottawa. Noble. 
Madison. 95 to 99 cents— Pickaway. Nowata. 
Yadkin. Bladen. Pike. Oklahoma. 

80 to 84 cents— Brunswick. Richland. Osage. 
Cherokee. Columbus. Ross. Ottawa. 
Clay. New Hanover. Sandusky. Pawnee. 
Graham. Pender. Senaca. Rogers. 
Henderson. Richmond. Warren. Stephens. 
Jackson. Robeson. 60 to 64 cents— Texas. 
Macon. Scotland. Adams. Tillman. 
Polk. North Dakota : Brown. Tulsa. 
Rutherford. 50 to 54 cents— Clermont. Wagoner. 
Swain. Cass. Coshocton. Washington. 
Transylvania. Ransom. Erie. Woods. 

85 to 89 cents— Richmond. Gallia. Woodward. 
Alamance. Sargent. ei asp 65 to.69 cents— 
Alleghany. 55_to 59 cents— Hocking. Carter 
Ashe, Barnes. Holmes. @reckal 
Avery. Burleigh. LekSOm: Haskell 
Beaufort. Cavalier, Lawrence. Tees. 
Bertie. Dickey. Lorain. Toners 
Cabarrus. Emmons, Medina. Taincoines 
Camden. Grand Forks. BEES ROR Wielntosh 
Caswell. Kidder. Perry. Nia 
Catawba. Lamoure. Scioto. Muskaee 
Chatham. Logan. Vinton. Okfusk: ei 
Chowan. McIntosh. Wayne. Okm ae 
Cleveland. Nelson. 65 to 69 cents— eS e 
Craven. Pembina. Ashtabula. Besos: 
Currituck. Ramsey. Athens. Font Ou 
Dare. Steele Belmont. CUE EDEL: 

y * Carroll. Seminole. 
Davidson. Stutsman. A Ss ih 
Durham. Towner. Columbiana. eleh see 
Edgecombe. Traill. Cuyahoga. 70 ne ib cents— 
Forsyth. Walsh. Geauee Hiss 
Gaston. 60 to 64 cents— Guernsey. Cho 783 
Gates. Adams. Harrison. C aL ue 
Granville. Dunn. Jefferson. Ton. a 
Greene. Hettinger. Lake, _ Tahini wine 
Guilford, McLean. Mahoning. Loriore. 
Halifax. Mercer, Meigs. Lo One 
Hertford. Morton. Monroe. Ween 11 
Hyde. Oliver. Morgan: Pittebate 
Lenoir. Stark. Noble. TESS 
Lincoln. Ohio: Portage. 75 to 79 cents— 
Martin. 50 to 54 cents— Stark. Mew ean 
Mecklenburg. Allen. Summit. ushmataha. 
Mitchell. Auglaize. Trumbull. Oregon : 
Northampton. Champaign. Tuscarawas. 70 to 74 cents— 
Orange. Clark. Washington. Clackamas. 
Pamlico. Darke. Oklahoma : Marion. 
Pasquotank. Defiance. 55 to 59 cents— 75 to 79 cents— 
Perquimans. Delaware. Beckham. Douglas. 
Person. Fayette. Blaine. Jackson. 
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Oregon—Continued. 
7a to 79 cents— 


Lane. 
Linn. 


Pennsylvania : 
65 to 69 cents— 


Adams. 
Berks. 
Center. 
Chester. 
Clinton. 
Columbia. 
Crawford. 
Cumberland. 


Franklin. 
Juniata. 
Lancaster. 
Lawrence. 
Lebanon. 
Lycoming. 


Northumberland. 


Perry. 
Snyder. 
Union. 
Warren. 
York. 


70 to 74 cents— 


Armstrong. 
Beaver. 
Bedford. 
Blair. 
Bradford. 
Bucks. 
Butler. 
Clarion. 
Delaware. 
Elk 


Fulton. 
Huntingdon. 
Indiana. 
Jefferson. 
Lehigh. 
McKean. 
Montgomery. 
Northampton. 
Philadelphia. 
Potter. 
Somerset. 
Susquehanna. 
Tioga. 
Venango. 
Westmoreland. 
75 to 79 cents— 
Allegheny. ¥ 
Cambria. 
Cameron. 
Carbon. 
Clearfield. 
Fayette. 
Greene. 
Lackawanna. 
Luzerne. 


Schuylkill. 
Sullivan. 
Washington. 
Wayne. 
Wyoming. 


Rhode Island : 
85 to 89 cents— 


Briston. 
Kent. 
Newport. 
Providence. 


$1 and over— 


Washington. 


South Carolina : 
85 to 89 cents— 


Calhoun. 
Charleston. 
Colleton. 
Dorchester. 
Greenville. 


South Dakota—Con. 
85 to 89 cents— 


Lexington. 
Oconee. 
Orangeburg. 
Pickens. 
Richland. 
Spartanburg. 


90 to 94 cents— 


Abbeville. 
Aiken. 
Anderson. 
Bamberg. 
Barnwell. 
Beaufort. 
Berkeley. 
Cherokee. 
Chester. 


- Clarendon. 


Edgefield. 
Fairfield. 
Greenwood. 
Hampton. 
Jasper. 
Kershaw. 
Lancaster. 
Laurens. 
Lee. 
Newberry. 
Saluda. 


95 to 99 cents— 


Chesterfield. 
Darlington. 
Dillon. 
Florence. 
Georgetown. 
Horry. 
Marion. 
Marlboro. 
Williamsburg. 


South Dakota: 
485 to 49 cents— 


Aurora, 
Beadle. 
Bon Homme. 
Brookings. 
Brule. 
Charles Mix. 
Clay. 
Davison. 
Deuel. 
Douglas. 
Grant. 
Gregory. 
Hanson. 
Hutchinson. 
Jerauld, 
Kingsbury. 
Lake. 
Lincoln. 
McCook. 
Miner. 
Minnehaha. 
Moody. 
Sanborn. 
Tripp. 
Turner, 
Union. 
Yankton. 


50 to 54 cents— 


Brown, 
Buffalo. 
Clark. 
Codington. 


Lyman. 
Marshall. 
Roberts. 
Spink. 


55 to 59 cents— 


Campbell. 
Edmunds. 
Faulk, 


Hughes. 
McPherson. 
Potter. 
Sully. 
Walworth. 
65 to 69 cents— 
Butte. 
Custer. 
Fall River. 
Harding. 
Lawrence, 
Meade. 
Pennington. 
Perkins. 


Tennessee : 


55 to 59 cents— 
Dyer, 
Lake. 
Obion. 

60 to 64 cents— 
Bedford. 


Crockett. 
Decatur. 
Dekalb. 
Franklin. 
Gibson. 
Giles. 
Hardin. 
Henry. 
Hickman, 
Humphreys. 
Lauderdale. 
Lincoln. 
Marshall. 
Maury. 
Montgomery. 
Moore. 
Perry. 
Rutherford. 
Stewart. 
Warren. 
Weakley. 
Williamson. 

65 to 69 cents— 
Benton, 
Bledsoe. 
Carroll. 
Cheatham. 
Chester. 
Clay. 
Davidson. 
Dickson. 
Greene. 
Grundy. 
Hamblen. 
Hancock. 
Hawkins. 
Haywood. 
Henderson, 
Houston. 
Jackson. 
Jefferson. 
Lawrence, 
Lewis. 
McNairy. 
Macon. 
Madison. 
Marion. 
Overton. 
Pickett. 
Putnam, 
Robertson. 
Sequatchie, 
Smith. 
Sumner. 
Tipton. 
Trousdale. 
Van Buren. 
Wayne. 
White. 
Wilson. 

70 to 74 cents— 
Anderson. 
Blount. 
Bradley. 


South Dakota—Contd. Tennessee—Contd. 


55 to 59 cents— 70 to 74 cents— 


Campbell. 
Claiborne. 
Cocke, 
Cumberland. 
Fayette. 
Fentress. 
Grainger. 
Hamilton. 
Hardeman. 
James. 
Knox, 
Loudon. 
MeMinn, 
Méigs. 
Monroe. 
Morgan. 
Polk, 

Rhea. 
Roane. 
Scott. 
Sevier. 
Shelby. 
Sullivan. 
Union. 
Washington. 


75 to 79 cents— 


Carter. 
Johnson, 
Unicoi. 


Texas: 
55 to 59 cents— 


Gray. 
Hemphill. 
Lipscomb, 
Roberts. 
Wheeler. 


60 to 64 cents— 


Armstrong. 
Briscoe. 
Childress. 
Collingsworth. 
Donley. 

Hale. 

Hall. 

Swisher. 


65 to 69 cents— 


Cottle. 
Crosby. 
Floyd. 
Foard, 
Hardeman. 
Motley. 
Wichita. 
Wilbarger. 


70 to 74 cents— 


Archer. 
Atascosa. 
Bandera. 
Bastrop. 
ee 
Bell 
Bexar. 
Blanco. 
Burnet. 
Caldwell. 
Clay. 
Collin. 
Colorado. 
Comal. 
Cooke. 
Coryell. 
Delta. 
Denton. 
De Witt. 
Dickens, 
Falls. 
Fannin. 
Fayette. 
Gillespie. 
Gonzales. 
Grayson. 
Guadalupe. 
Hamilton. 
Hays. 
Hopkins. 
Hunt. 
Karnes. 
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Texas—Continued. 
70 to 74 cents— 


Kendall. 
Kerr. 
King. 
Knox. 
Lamar. 
Lampasas. 
Lavaca, 
Medina. 
Milam. 
Montague. 
Travis. 
Williamson. 
Wilson. 


75 to 79 cents— 


Aransas. 
Austin. 
Bee. 
Bosque. 
Bowie. 
Brazoria, 
Brazos. 
Brown. 
Burleson. 
Calhoun, 
Callahan. 


Comanche. 
Dallas. 
Eastland. 
Hillis. 
Hrath. 
Fort Bend. 
Franklin. 
Freestone. 
Galveston. 
Goliad. 
Gregg. 
Grimes. 
Harris. 
Harrison. 
Haskell. 
Hill. 

Hood. 
Jack. 
Jackson. 
Jim Wells. 
Johnson. 
Kaufman. 
Kimble. 
Kleberg. 
Lee. 

Leon. 
Liberty. 
Limestone, 
Live Oak. 
Llano. 
McLennan, 
Madison. 
Marion. 
Mason. 
Matagorda. 
Mills. 
Montgomery. 
Morris. 
Navarro. 
Nueces. 
Palo Pinto. 
Panola. 
Parker. 
Rains. 

Red River, 
Refugio. 
Robertson. 
Rockwall. 
Rusk. 

San Patricio. 
San Saba. 
Shackelford. 
Somervell. 
Stephens. 
Stonewall. 
Tarrant. 
Throckmorton. 
Titus. 
Upshur 


Texas—Continued. 
75 to 79 cents— 


Van Zandt. 
Victoria. 
Waller. 
Washington. 
Wharton. 
Wise. 

Wood. 
Young 


80 to 84 cents— 


Anderson. 
Angelina. 
Borden. 
Cherokee. 
Coke. 
Coleman. 
Concho. 
Fisher. 
Hardin. 
Henderson. 
Houston. 
Howard. 
Jasper. 
Jefferson. 
Jones, 
McCulloch. 
Menard. 
Mitchell. 
Nacogdoches. 
Newton. 
Nolan. 
Orange. 
Polk. 
Runnels, 
Sabine. 

San Augustine. 
San Jacinto. 
Scurry. 
Shelby. 
Smith. 
Taylor. 
Tom Green, 
Trinity. 
Tyler. 
Walker. 


Vermont: 
75 to 79 cents— 


Addison. 
Caledonia. 
Chittenden. 
Hssex. 
Franklin. 
Grand Isle. 
Lamoille. 
Orange. 
Orleans. 
Windsor. 


80 to 84 ecents— 


Bennington. 
Rutland. 
Washington. 
VYindham. 


Virginia : 
60 to 64 eents— 


Accomae. 
Northampton. 


65 to 69 cents— 


Clarke. 
Fauquier. 
Frederick. 
Loudoun. 


70 to 74 cents— 


Albemarle, 
Alexandria. 
Augusta. 
Bedford. 
Botetourt. 
Caroline, 
Culpeper. 
Hssex. 
Fairfax. 
Gloucester. 
Greene. 


King and Queen. 


King George. 
King William. 
Lancaster, 
Lee. 


Madison. 
Mathews. 
Middlesex. 


Rappahannock. 
Richmond. 
Rockbridge. 
Rockingham. 
Scott. 
Shenandoah. 
Spotsylvania. 
Stafford. 
Warren. 
Westmoreland. 


75 to 79 cents— 


Amelia. 
Amherst. 
Appomattox, 
Buckingham. 
Campbell. 
Charles City. 
Chesterfield. 
Cumberland. 
Elizabeth City. 
Fluvanna. 
Goochland. 
Hanover. 
Henrico. 
James City. 
Louisa. 
Nansemond. 
Nelson. 

New Kent. 
Norfolk. 
Powhatan. 


Prince Edward. 


Princess Anne. 
Warwick. 
York. 


80 to 84 cents— 


Alleghany. 
Bath. 
Brunswick. 
Charlotte. 
Craig. 
Dinwiddie. 
Floyd. 
Franklin, 
Giles. 
Greenesvyille. 
Halifax. 
Henry. 
Highland. 
Isle of Wight. 
Lunenburg. 
Mecklenburg. 
Montgomery. 
Nottoway. 
Pittsylvania. 
Prince George. 
Pulaski. 
Roanoke. 
Smyth. 
Southampton. 
Surry. 
Sussex. 
Washington. 
Wythe. 


85 to 89 cents— 


Bland. 
Buchanan. 
Carroll. 
Dickenson. 
Grayson. 
Patrick. 
Russell. 
Tazewell. 
Wise. 


Washington : 
70 to 74 ecents— 


Asotin. 
Columbia. 
Ferry. 
Garfield. 
Lincoln, 


Virginia—Continued. Warhington——Contd. 


70 to 74 cents— 0 to 74 cents— 


Stevens. 
Walla Walla. 
Whitman, 


75 to 79 cents— 


Adams. 
Chelan. 
Douglas. 
Grant. 
Okanogan. 
Spokane. 
Yakima. 


West Virginia: 
65 to 69 cents— 


Berkeley. 
Cabell. 
Jefferson. 
Mason. 
Wayne. 


70 to 74 cents— 


Brooke. 
Hancock, 
Jackson. 
Marshall. 
Ohio. 
Pleasants, 
Tyler. 
Wetzel. 


Wood. 
75 to 79 cents— 


Calhoun. 
Grant. 
Hampshire, 
Hardy. 
Kanawha. 
Lincoln. 
Logan. 
Mineral. 
Mingo. 
Morgan. 
Putnam, 
Ritchie, 
Roane. 


Wirt. 
80 to 84 cents— 


Barbour. 


Clay. 
Doddridge. 
Fayette. 
Gilmer. 
Greenbrier. 
Harrison. 
Lewis. 
McDowell. 
Marion. 
Mercer. 
Monongalia. 
Monroe, 
Nicholas. 
Pendleton. 
Pocahontas. 
Preston. 
Raleigh. 
Randolph. 
Summers, 
Taylor. 
Tucker. 
Upshur. 
Webster. 
Wyoming. 


Wisconsin: 
50_to 54 cents— 


Buffalo. 

Hau Claire. 
Pepin. 
Pierce. 
Trempealeau. 


55 to 59 cents— 


Adams. 
Burnett. 
Chippewa. 
Columbia. 
Crawford. 


GEOGRAPHICAL PHASES OF FARM PRICES: CORN. 


Wisconsin—Contd. 
5 to 59 cents— 
Green Lake. 


Iowa. 
Jackson. 
Juneau. 


La Crosse. 


Lafayette. 


Marquette. 


Monroe. 
Polk. 
Richland. 
Rock. 
Rusk, 

St. Croix. 


Wisconsin—Contd. 


5 to 59 cents— 
Sauk. 

Vernon. 
Walworth. 


60 to 64 cents— 


Barron, 
Clark. 
Dodge. 

Fond du Lac. 
Jefferson. 
Kenosha. 
Milwaukee. 
Outagamie. 
Ozaukee. 


Wisconsin—Contd. 
60 to 64 Cents— 

Portage. 
Racine. 
Shawano. 
Sheboygan. 
Washburn. 
Washington. 
Waukesha. 
Waupaca. 
Waushara. 
Winnebago. 
Wood 


ood. 
65 to 69 cents— 
Brown. 


O 


7isconsin—Contd. 

65 to 69 cents— 
Calumet. 
Door. 
Kewaunee. 
Manitowoc. 
Marinette. 
Oconto. 

70 to 74 cents— 
Langdale. 
Marathon. 

Wyoming: 

70 to 74 cents— 
Crook. | 
Laramie. 


53 


earls tr 
Se 


UNITED STATES DEPARTMENT OF AGRICULTURE 


BULLETIN No. 697 4 


aN 


Contribution from the Bureau of Plant Industry 
WM. A. TAYLOR, Chief 


Washington, D. C. Vv September 27, 1918 


CITRUS-FRUIT IMPROVEMENT: A STUDY OF BUD 
VARIATION IN THE MARSH GRAPEFRUIT.! 


By A. D. Saamet, Physiologist in Charge, L. B. Scorr, Pomologist, and C. 8. Pom- 
EROY, Assistant Pomologist, Fruit-Improvement Investigations, O fice of Horticultural 
and Pomological Investigations. 


CONTENTS. 
Page. Page. 
RgTOCUELIOM peace occt aca. sciceenicae cia kies 1 | Descriptions ofimportant strains—Continued. 
History of the variety......-..---------- aah 4 Bellistrain oie He = ane ietas nsee ee Asien owes 17 
Variability within the variety -....-.--.-.--- 5 Alternate-Bearing strain.............-.-. 17 
Objects of the investigations. ..........-.-.-- 8 Unproductive|strain2.: ees aen <n s- en -- 17 
Plan of the investigations..............----- 9 | Infrequent fruit variations. -..........--..--- 18 
Methods of keeping performance records...-. 9 | Seasonal fluctuations in production.......... 19 
BU GO AMICUS ee ais ots ar fetes a's/e's[se/sinieinie'= = 10) | Presentation of data. ....-2..-2-222----2--- 20 
Packanpeeeee see ee re eee Ed aod. 10 | Comparative value of the strains............- 106 
PASSORE LEM ee LSE oe kee 10 | The unintentional propagation of undesirable 
HVCCOLG Mn Oey eete ence seis aeeseleieiiaisi= ei ee 11 SULTANS Sse sae peice sisadis cis nee eeieseiue ciec's 108 
Descriptions of important strains.....-..-.-- 12 | Theisolation ofstrains through bud selection. 109 
Marsiisihatiweers sxe Siete fe kg oe 13 | Top-working undesirable trees...........-.-. 110 
DECUWESEEALIS ees anjiec itera on cchtte ee iciacietee ee 14 | Theselection of bud wood...-..........-.---- 111 
OUSINISprain Sesser) Cee ste ents sclisicr ces 16; eSummanys (seuss See ea. ee S823 112 
INTRODUCTION. 


The commercial production of grapefruit (Citrus grandis Osbeck) 
in California began about 1890. Previous to this time, bearing 
grapefruit trees of many varieties were to be found in some citrus 
orchards, but the crops from these trees were largely used for home 
consumption or were sold in local markets. Most of the early 
plantings were of Florida-grown trees and of varieties many of which 
proved to be undesirable for California conditions. The fruits usu- 
ally contained a large number of seeds and were inferior in size, shape, 
texture, flavor, or other important commercial characteristics. 

1 This is the third in a series of publications summarizing the citrus fruitimprovement investigations 
ofthe United States Department of Agriculture. The two previous reports were presented in Department 


Bulletins Nos. 623 and 624, treating of the work with the Washington Navel orange and the Valencia 
orange, respectively. 
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Consequently, the reputation of California grapefruit in many 
important markets was below that of fruit from other grapefruit- 
growing regions, and the culture of this fruit in the State was found 
to be unprofitable in most instances. 

One of the varieties introduced into California from Florida about 
1890 was later known as the Marsh, or, as it has been more commonly — 
called, the Marsh Seedless. The trees of this variety were found to — 
produce superior fruits, particularly from the standpoint of commer- 
cial quality, including the characteristics of a flattened, desirable 
shape, smooth texture and fine color of rind, few or no seeds, abun- 
dance of juice, tender and palatable rag, and a highly developed 
grapefruit flavor. 

The former lack of commercial success of lhe California grapefruit 
industry, due to the planting of varieties not suitable for California con- 
ditions, discouraged extensive plantings of this fruit for many years. 
The success of the Marsh variety, not only in western but in some 
eastern markets as well, has led to a recent reawakening of interest 
in the production of this fruit in California and to extensive commer- 
cial plantings in several districts. The fruits of the Marsh variety 
ripen during the late spring and summer months in California. 
The Florida grapefruit crop is largely marketed during the late fall, 
winter, and early spring months, so that the California-grown Marsh 
grapefruit crop can be sold in eastern markets at a time when it does 
not compete with the Florida crop or the crops of other important 
grapefruit-growing regions. In addition to the eastern, there are 
several important California markets which must be supplied with 
California-grown grapefruit on account of a rigid quarantine against 
all grapefruit from other districts. This quarantine has been estab- 
lished by reason of the danger of the introduction of serious citrus 
pests and diseases into the orchards of that State. 

The Thirteenth Census gives the production of California grape- 
fruit in 1909 as 122,515 boxes. The production of other important 
California citrus fruits that year was 14,436,180 boxes of oranges, 
2,756,221 boxes of lemons, 3,581 boxes of tangerines, and 555 boxes 
of mandarins. ' 

The plantings of grapefruit trees in California in 1910 were shown 
by the Thirteenth Census to total 43,424 bearing trees. Figured at 
the rate of 90 trees to the acre, these trees were planted on about 
482 acres. At the same time it was found that there were 25,589 
trees not in bearing, which, at the rate of planting mentioned above, 
would amount to 284 acres of nonbearing trees. 

The plantings in 1915, as shown by figures compiled by the Cali- | 
fornia Fruit Growers’ icehnrnced! consisted of 56,224 trees, or about 
625 acres in bearing, and 203,580 trees, or snot 2,262 acres, not in 


1 Letter from F. O. Wallschlaeger, Los Angeles, Cal., June 7, 1916. 
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bearing. The past season several additional large plantings of the 
Marsh variety have been made, particularly in the Imperial and 
Coachella Valleys in southern California, and many smaller plantings 
have been made in other citrus districts of the State. 

While the grapefruit crop of California at present is of relatively 
small commercial importance as compared with the orange or lemon 
crops, it seems likely that in the next few years it will become a 
more important factor in the citrus industry of the State. Many of 
the growers, with this viewpoint, have organized the California 
Grapefruit Club, for the special purpose of cooperating in extending 
the market for this fruit, in order to take care of the greatly enlarged 
production now in prospect. One of the most important means for 
increasing the consumption of this fruit is through the improvement 
of the crop by discarding all inferior varieties, standardizing the 
Marsh variety by the elimination of all trees of inferior and poor 
strains,! and the growing of only the best strain, propagated from the 
most productive and valuable trees, selected on the basis of their 
performance records. 

The California Grapefruit Club took official action to this end 
during the season of 1916. It began a tree-census record of all of 
the grapefruit orchards belonging to the members of the club, securing 
accurate data upon the number of trees of each variety and each 
strain in every orchard. The members of the club agreed to top- 
work the trees of all varieties other than the Marsh, and the trees of 
all strains other than the Marsh,’ or most desirable, strain. The 
top-worked trees for the most part have been rebudded with buds 
secured from superior select trees of the Marsh strain, or, in a few 
cases, with buds from trees of other varieties of citrus fruits. Most 
of this work has already been accomplished, and it was expected 
that it would be completed during the season of 1917. 

In March, 1917, the California Fruit Growers’ Exchange, through 
its field department, undertook similar work for its members with 
the standard orange and lemon varieties. Individual-tree perform- 
ance records are being kept in several very productive groves, for the 
purpose of locating desirable trees as reliable sources of bud wood 
for use in top-working or for the propagation of young trees. This 
action was taken because the commercial nurserymen were able to 
supply only a very small part of the bud wood or nursery trees of 
this character demanded by the citrus growers. 

These actions are interesting examples of the utilization of the results 
of scientific research in agriculture by large commercial organizations, 


1 The term “‘strain’’ is here used to designate a group of individuals of a horticultural variety which 
differ from all other individuals of the variety in one or more constant and recognizable characteristics 
capable of perpetuation through vegetative propagation. 

2 The name Marsh has been applied to the best strain of the variety, because; as nearly as can be deter- 
mained, it is similar in character of tree and fruit to the original Marsh introduction. 
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The Marsh variety of grapefruit was introduced by Mr. C. M. 
Marsh, at Lakeland, Fla.1 The original tree was one of a grove of 
large seedling grapefruit trees near the city of Lakeland owned by 
Mr. Marsh. 

In 1895 this tree was killed to the ground during the freeze of that 
year, at which time it was 50 or 60 years old. Previous to the freeze, 
Mr. Marsh had begun to propagate from this tree, on account of ie 
superior qualities of its fruits, which were commercially seedless,” 
usually producing only three to five seeds. At the time of the freeze 
he had some 50,000 or 60,000 nursery trees budded from the parent 
tree and its progeny, but these trees were killed by the freeze. For- 
tunately, before the freeze, Mr. Marsh had collected and stored in 
his packing house about 70,000 buds for spring budding. After the 
freeze, all available stocks were budded with these stored buds, and — 
from this propagation about 10,000 young trees were secured. The 
distribution of these trees and buds cut from them marked the intro- 
duction of this variety in Florida. It was about this time that the 
name Marsh Seedless was given to the variety by the originator. 
Later, the American Pomological Society adopted the name Marsh, 
instead of Marsh Seedless, for this variety. 

The first introduction of the Marsh variety into California was 
probably accomplished by the nursery firm of Twogood & Cutter, at 
Riverside. In a letter * from J. E. Cutter the following account of 
this introduction is given: 

In 1890, Dr. N. A. Claflin, later horticultural commissioner of Riverside County, 
went to Florida as agent to ship stock for the nursery trade of Twogood & Cutter. 
Returning, he brought a small bundle of seedless grapefruit trees, obtained at Lake- 
land or vicinity. He did not report the name ‘‘Marsh Seedless,’’? but the Marsh is 
understood to have originated at that place, and there can be no reasonable doubt 
that they were such. I do not know of any other strain. One of these trees was 
planted by myself in my (present) home grounds, where it still stands. So far as I 
know and believe, it was the first ‘“‘seedless”’ to bear fruit in this State, but doubtless 
others also obtained the variety from Florida. 

The tree planted by Mr. Cutter in his home grounds is shown in 
Plate I. It is the true Marsh variety beyond question. 

Many of the Marsh grapefruit orchards in California were planted 
with trees which were propagated by Twogood & Cutter or other 
California nurserymen from the Claflin introduction. A few orchards 
were planted with Florida-grown trees or from later introductions 
of Marsh bud wood from Florida. 


1 Personal statement of Mr. Marsh, Jacksonville, Fla., May, 1916. 

2 The presence of not over 12 seeds per fruit is considered by the California Grapefruit Club as permissible © 
in fruits designated as commercially seedless. j 

3 Letter from Mr. Cutter, Riverside, Cal., June 13, 1916. 
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Hume states! that under Florida conditions, the fruit of the Marsh 
variety ‘‘has not the distinct, pronounced flavor of the typical fruit, 
but the quality is good, and the fact that it is so nearly seedless is 
a very desirable feature.’’ The effect of climatic and, perhaps, 
other conditions in California has been such as to produce in the 
fruits of this wariety the highly developed grapefruit flavor desired. 

A similar illustration of the effect of climatic and other conditions 
on the quality of citrus fruits is found in the behavior of the Wash- 
ington Navel orange. In the tropical region at Bahia, Brazil, these 
oranges lack the highly developed flavor which the fruits of this 
variety possess when grown in California. 

In California the trees of the Marsh grapefruit normally bloom in 
March, and the fruits from this bloom ripen from May to September 
of the following year. -Owing to this condition, the trees frequently 
support two crops, both young and nearly mature fruits, at the same 
time during the spring and summer months. 

The trees of this variety in California are usually more productive 
than the trees of the Valencia or Washington Navel orange varieties 
under the conditions of soil and climate best suited to the develop- 
ment of the finest quality of grapefruit; i. e., a fertile, coarse or sandy 
loam soil, and the same climatic conditions which are most favorable 
for the production of the highest flavor and quality in the Washington 
Navel orange. i 

VARIABILITY WITHIN THE VARIETY, 


Bud variation in trees of the Marsh variety of grapefruit occurs with 
about the same degree of frequency as is the case with the Washington 
Navel orange and other varieties of citrus fruits which have been 
studied in the course of the investigations for the improvement of 
citrus fruits through bud selection. The variation of the fruits is of the 
most importance from the commercial standpoint, and for this reason 
this phase of the problem has been given most study. Variations of 
the habit of growth of the trees, foliage, and flower characteristics are 
probably of as frequent occurrence as those of fruit variations, but on 
account of the smaller commercial importance of these characteristics 
they have been given comparatively little attention up to the present 
time in these investigations. No doubt there are well-defined correla- 
tions of fruit, foliage, and flower characters, and when these correla- 
tions have been fully worked out they may be of importance in de- 
‘termining the character of the trees and their value for fruit pro- 
duction. 

One of the most valuable groves of the Marsh variety of grapefruit 
in California at the present time was planted near Riverside in 1898. 
A preliminary individual-tree census study of this grove made by the 


1 Hume, H.H. Citrus Fruits and Their Culture, ed. 5, p.120. New York, 1913. 
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senior writer in 1909 revealed the fact that there existed in the grove 
a striking diversity in the characteristics of the trees. Out of a total 
of about 500 trees, 123, or nearly 25 per cent, produced fruits having 
from 30 to 90 seeds in each fruit. The trees bearing these very seedy 
fruits were found to have a characteristic drooping habit of growth, 
from which it soon became possible to identify them wherever they 
occurred in the grove. The fruit from this grove had been guaranteed 
by the owner to be commercially seedless, and the occurrence of the 
seedy fruits in the crops, when noticed by the buyers, led to a con- 
siderable depreciation in their value on the markets. Upon the dis- 
covery that the seedy fruits were borne only by trees of a certain 
character, these fruits were eliminated, except those occurring as 
individual fruit and limb variations, by top-working the trees which 
produced them, using for this purpose buds selected from trees of the 
true Marsh strain, which is commercially seedless. One of the trees 
of the Marsh strain in this grove is shown in Plate II and one of the 
trees of the Rough Seedy strain in Plate III. 

An interesting characteristic of the production from individual trees 
was revealed by the tree-census studies in the Marsh grove first studied. 
Some of the trees bore very heavy crops, while others, very similar in 
general appearance to the productive trees, bore only a few fruits. 
Further observation of this condition during the following years re- 
vealed the fact that some of the trees possessed the habit of bearing 
heavy crops one season and light ones the next. The trees having 
this habit have been called alternate bearers, from the fact that they 
usually bear full crops only every other year. 

Another strain of trees was found in this grove bearing fruits having 
a modified pyriform, or bell-like, shape in contrast with the flattened, 
or oblate, shape of typical fruits of the Marsh strain. These trees 
have been called the Bell strain on account of the shape of their fruits. 
This shape, from the market standpoint, is not so desirable as the 
flattened one of the Marsh strain, and the fruits are likely to be later 
in ripening than those of other strains. 

The fruits borne by the trees of the Marsh strain have a compara- 
tively thin rind of very smooth texture and waxy-white appearance. 
Some of the trees in the performance-record plat were found to produce 
fruits having very thick rinds with a rough or coarse texture and yel- 
lowish color. The fruits of this Rough strain, as a rule, have a shape 
more nearly round or globular than those of the Marsh strain, while 
the flesh, juice, and other characteristics are somewhat similar to 
those of that strain. 

Individual-tree census observations made in other groves located 
in various citrus districts of southern California have brought out 
clearly the fact that the trees in these orchards vary in about the same 
manner as those in the grove described above. More than 25 per cent 
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of the trees in the bearing orchards under observation are of strains 
that are inferior to the Marsh or best strain. 

Among the variable fruits occurring in trees of the Marsh strain 
are those of the Corrugated, Seedy, Bell, and Rough strains, those 
having raised or sunken sections or both, navel fruits, and those 
showing parts typical of two or more of the strains. Fruits of the 
Corrugated strain are usually large, pyriform in shape, with thick, 
deeply creased rinds, and they are generally of inferior flavor and 
have little juice. Fruits of the Seedy strain are frequently very 
similar in appearance and other characteristics to fruits of the Marsh 
strain except that instead of a few or no seeds, they contain from 
25 to 100 seeds each. Fruits of the Bell strain frequently have 
smooth rinds, and those of the Rough strain have the white color 
of the fruits of the Marsh strain. These fruit variations have been 
found to occur in trees of the Marsh strain either as single fruits or as 
limbs bearing several fruits. 

In addition to the fruit variations listed above, absolutely seedless 
fruits and limbs bearing seedless fruits have been found in trees of 
the Marsh strain. In the studies made up to the present time, no 
instances have been found in which all of the fruits on a tree were 
absolutely seedless. 

Fruits setting out of the normal blooming period often have pyri- 
form or irregular shapes, which are undesirable from the market 
standpoint. These fruits usually have very thick rinds, a coarse and 
bitter rag, and lack the distinctive grapefruit flavor of the normal 
fruits borne by the same trees. No logical reason has been presented 
to account for the characteristics of these peculiar so-called ‘‘off- 
bloom” fruits. Some trees bear more of them than others under 
apparently similar conditions. 

All of the strains of grapefruit described in this bulletin have been 
found as individual fruit or limb variations in trees of the Marsh 
strain. Fruits of the Marsh and other strains have been found occur- 
ring as single fruit or limb variations in trees of the Seedy, Alternate- 
Bearing, Bell, and Rough strains. 

Many minor variations in grapefruits have been found in the course 
of these investigations. Their significance is not fully understood as 
yet, and for this reason no discussion of these variations will be 
offered at this time. 

The presence in established orchards of trees of the several strains 
discovered in the performance-record plats shows the importance of 
this work. These various strains of the Marsh grapefruit have orig- 
inated in all probability from bud variations, and there is little doubt 
that the diversity m the trees in existing grapefruit orchards is the 
result of the unintentional propagation of bud variations due to the 
prevailing haphazard methods of gathermg bud wood. The com- 
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mercial inferjority of the product from such trees constitutes one of 
the important reasons for the systematic selection of bud wood from 
trees of the right character. 

The diversity of strains of the Marsh variety represented in estab- 
lished groves is of great commercial importance to the grapefruit 
industry, for the reputation and value of the crop depends on the 
maintenance of a uniform quality. For this reason, the identification 
of the Marsh strain, which is the most productive and valuable strain 
of the variety, and the maintenance of the purity of the strain by 
bud selection are of fundamental importance in the development of 
the industry. This does not entail any imecrease in the cost of pro- 
ducing, handling, or distributing the crop. On the contrary, from © 
the standpoint of cost of production based on the unit cost per box, the 
production of the best strams can be effected more cheaply than is 
the case when inferior and less productive strains are present. 

Fruits containing many seeds, such as those of the Seedy strain, are 
of much less value than those which are commercially seedless. On 
account of the fact that some of the seedy fruits can not be readily 
separated after picking from those of the Marsh or other strains, the 
presence of trees of this strain in established groves is detrimental to 
the reputation and value of the crop as a whole. 

The late-ripening characteristic of fruits of the Bell strain is also 
detrimental to the effort to build up a superior commercial reputation 
for this variety. The fruits of this stra are difficult to eliminate from 
the general pick and pack of the groves. Because of their unripe con- 
dition, if included with fruits of the Marsh strain they tend to detract 
from the quality of the whole ud ge and to injure the reputation of 


the variety. 
OBJECTS OF THE INVESTIGATIONS. 


The objects of these investigations are (1) to determine the fre- 
quency of occurrence and the nature of bud variations in the Marsh 
variety of grapefruit, (2) to secure definite information concerning the 
commercial value of the different strains of this variety by means of 
individual-tree performance records, (3) to originate and introduce 
methods for isolating the best strams and controlling variation within 
them through bud selection based on tree-performance records and 
definite tree knowledge, (4) to eliminate the trees of inferior strains 
in established orchards by top-working them with select buds, and (5) 
to demonstrate the value and importance of the use of improved 
methods of propagation based on definite mdividual-tree knowledge 
for the improvement of the production of established orchards and 
for the conservation and improvement of the variety. 
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THE FirRst MARSH GRAPEFRUIT TREE PLANTED IN CALIFORNIA, AT RIVERSIDE, 
ABOUT 1890, FROM WHICH MOST OF THE ORCHARDS IN CALIFORNIA HAVE BEEN 
PROPAGATED. 
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A TYPICAL TREE OF THE MARSH STRAIN OF THE MARSH GRAPEFRUIT, SHOWING 
ITS HABIT OF GROWTH AND FOLIAGE CHARACTERISTICS. 


PLaTE III. 
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A TYPICAL TREE OF THE ROUGH SEEDY STRAIN OF THE MARSH GRAPEFRUIT, SHOWING 


ITS PECULIAR DWARFED AND DROOPING HABIT OF GROWTH: 
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PLAN OF THE INVESTIGATIONS. 


The selection of groves of Marsh grapefruit in which to conduct 
the work of these investigations was made by the senior writer in 
1909, following a preliminary survey of the leading districts in which 
the grapefruit was then grown in California. The conditions con- 
sidered most desirable in the preliminary study of these groves 
included (1) the successful and profitable production of fruit; (2) 
uniformity of soil and cultural conditions in the groves; (3) protection 
from tree injuries due to extreme climatic conditions, insect enemies, 
and fungous diseases; (4) definite knowledge of the source of buds and 
stocks from which the trees were grown; (5) plantings on virgin land; 
(6) reasonable assurance of several years of uninterrupted observa- 
tions under the same orchard management; (7) the use of little or no 
manures or fertilizers and the absence of ‘radical tree or cultural 
treatments; and (8) locations where the results of the vestigations 
would be of the most service and value to the industry. 

The performance-record plats finally selected for systematic obser- 
vations were located in groves where the work of these investigations 
could be carried on with the least possible danger of interruption and 
where the conditions were as nearly as possible identical with those 
mentioned above. ‘The trees studied in these investigations have all 
been grown on sweet-orange stocks, and the history of the buds used 
in their propagation is known. 

In one performance-record plat, 25 trees were originally selected 
im one block for individual-tree study, and later another tree was 
added to this number. In the second performance-record plat, 52 
trees in one block were originally selected for study, to which number 
26 select trees have been added during subsequent seasons. Indi- 
vidual-tree records for six consecutive years have been obtained from 
the 25 trees in the first plat and from the 52 trees in the other plat. 
Most of the information presented in this bulletin was obtained from 
a study of the performance records of these 77 trees first selected 
for this work. 

As a result of the performance-record work discussed in this bulletin, 
progeny tests of select trees and bud variations have been begun both 
by top-working bearing trees and with nursery stocks. Some of the 
results thus far obtained from these propagations will be discussed 
briefly at this time, but the complete description of such work will be 
left for publication in later reports. 


METHODS OF KEEPING PERFORMANCE RECORDS. 


The methods used in keeping the individual-tree performance 
records are fully described in Farmers’ Bulletin 794 of the United 
States Department of Agriculture, entitled “Citrus-Fruit Improve- 
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ment: How to Secure and Use Tree-Performance Records.’”’ In order 
to make the present discussion complete, the following brief résumé 
of the methods used for obtaining the grapefruit performance-record 
data is here given. 

TREE NUMBERS. 

The performance-record trees have been given individual-tree 
numbers, consisting of the number of the block, the number of the 
row, and the position of the tree in the row, counting always from 
some fixed point, as, for example, the irrigation head. This number 
is painted on the tree trunks, always in the same relative position, 
with white-lead paint. The figures are made large and plain and 
are so placed as to be easily legible and accessible. 


PICKING. 


The trees are picked by trained pickers from the regular crews 
employed on the properties where the plats are located. Usually 
the same men have picked the performance-record plats every 
season. In this work all of the fruits of each tree have been picked 
at one time. Owing to the fact that the eastern market season for 
California grapefruit is best in midsummer, a condition which has 
been recognized fully only recently by the California growers, the 
time of picking the performance-record plats has been postponed 
each year, until at the present time it begins during the latter part 
of June. 

The fruits from the trees in the performance-record plats are, of 
necessity, handled more often than is ordinarily the case. For this 
reason, especial care has been used in handling, in order to avoid so 
far as possible all mechanical injuries to the fruits. After the per- 
formance-record observations have been completed, the crop of each 
tree, except such samples as may be required for further study, is 
included in the general field crop and sent to the packing house. 


ASSORTING. 


The fruits from the individual trees are assorted into three grades, 
viz, lvory-White, Standard, and Cull. The Ivory-White or commercial 
grade corresponds to a first and the Standard to a second grade. 
The Ivory-White grade includes all of the most valuable commercia! 
fruits; the Standard, all of the blemished fruits, or those having poor 
color, shape, or other inferior commercial characteristics, but suitable 
for shipment to market; and the Cull grade, those fruits which for any 
reason are not worthy of packing for the market. 

- The work of assorting grapefruits according to size and grade has, 
of necessity, been done by hand, as shown in Plate IV. No machines 
such as are used with other citrus fruits are available for sizing Marsh 
grapefruits satisfactorily for these investigations. In the perform- 
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ance-record work the fruits are first assorted into the usual com- 
mercial sizes, viz, 112 and smaller, 96, 80, 64, 48, 32, and 24 and 
larger, indicating the number of fruits per packed box. This work 
is done by the aid of rings, so that the assortment will be uniform 
for all trees. In commercial practice the sizing is largely done with- 
out the use of rings. After the fruits have been assorted according 
to size, each lot is assorted according to grade. 


RECORDING. 


The fruits of each grade of each size are counted and weighed, and, 
the results entered on the performance-record blank, as shown in 
Table I, embodying the data from a productive tree of the Marsh 
strain of Marsh grapefruit in investigational plat A of the Dixon 
grove (planted in 1898), grown by L. V. W. Brown at Highgrove, 
Cal. At the time of entering the record one fruit of each grade of 
three sizes, viz, large, medium, and small, is laid aside for examina- 
tion as to the number and characteristics of the seeds. Any variable 
or other unusual fruits are also taken out at this time for further 
detailed study and classification. The detailed performance record 
of each tree is copied from the field form on an annual form similar 
to that shown in the upper part of Tables I and II, and the summary 
record from the annual form is in turn entered on a period form, as 
shown in the lower part of Tables I and II. 

TasbE I.—Performance record of Marsh grapefruit tree No. 1-14-30, Productive Marsh 
strain.! showing the weight and number of fruits of each size and grade, seeds counted, 


and sports noted in detail for the season of 1912 and summarized for the 6-year period, 
1910 to 1915, inclusive. 

[The summarized 6-year record illustrates the method of assembling the data of successive seasons for 
careful comparison and study. In practice, the variable fruits produced by the tree each season are 
listed on the back of the form. The weights are given in pounds and ounces, except that the 6-year 
totals and the averages are expressed decimally in pounds. This tree is listed in rank 1 of Table III.} 


DETAILED RECORD FOR THE SEASON OF 1912. 


Fruits. Seeds.2 


Ivory-White 
Sires oftriits. grade. Standard grade.| Cull grade. Total. 


. Num- . Num- . Num- . Num- 
Weight. ee Weight. ber. | Weight. vee Weight. eet 


Lbs. oz. Lbs. oz. 


112and smaller......| 48-13 74 69- 9 
tie Sa 36-10 49 28-10 
2) 55a Se ee 56-14 71 42- 4 
Thea ee 63-5 71 27-15 
J oie ee 61- 7 63 24- 3 
35.4.2 See 37- 0 36 & 7 
24 and larger........ 65-12 55 11-7 

Total... ..| 369:13| 419] 212-7 

Grand total - SEs OCR EE EEG eee ea Menciee emerees 


1 NotEs.—Date: May 6,1912. Fine large Marsh tree. Sports: Ridged, 2. 
2 Seeds of cull fruits not counted. 
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TasiE I.—Performance record of Marsh grapefruit tree No. 1-14-30, etc.—Continued. 


SUMMARIZED RECORD FOR S1x SEASONS. 


l 
Grades and sizes. 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | Total. ce 
Weight of fruits: Lbs. 0z.| Lbs. o0z.| Lbs. 0z.| Lbs.oz.| Lbs. oz.| Lbs. oz.| Lbs. oz. 
Ivory-White grade.......-.-...- 187- 9 | 109- 9 | 369-13 | 149-12 | 240-12 | 292-11 |1,350- 2] 225.0 
Standard grade.........-...-.-.- 304- 7 | 532-11 | 212- 7 | 238- 7 | 218-12 | 192- 3 |1,698-15 | 283.2 
Culltsradod ste eens anal nae Oil OO |) RaW Ps ike Ol Ghee |) Mise 7 29.9 
Grand totalne he ee 492- 0 | 642- 4 | 590-4 | 460-6 | 477-8 | 506-2 [3,168- 8| 528.1 
Sizes— Bia tray ala Pope amr cones | Sane 
112 and smaller...........-.- 47-15 | 394- 0 | 118 6 | 241-1 77- 8 | 152-13 |1, 031-11 
OGUi ee sree one ace asec meee 18-8| 56-9] 65 4 66-9 | 83-8] 67-2] 357-8 
BOLE E AR pon A Sk SSS ee eS 53-12 65-11 99- 2 36- 6 66-15 91- 6 413— 4 
Re io. SS Be bese seem 70-9 56- 4 gl- 4 17-9 88- 5 70-15 394-14 
AS LSS ay Ne es Se ers StS 61- 6 38- 6 85-10 10-5 66- 1 44- 4 306- 0 
Oe Pea Seo Rss Bee AN ce 66- 8 10-10 45- 7 5- 9 36-14 24- 6 189- 6 
2A anddangert.. “2s 22 ese oe 173— 6 | 20-12 77-3 10-12 40- 5 34 0 356- 6 
Total-e- sth lt ees 492- 0 | 642- 4 | 582- 4 | 388- 3 | 459- 8 | 484-14 |3,049- 1 
Number of fruits: 
Ivory- White grade.....-.-.-.... 180 133 419 223 277 335 | 1,567 
Standard grade......-..-.---.... 307 717 273 333 272 238 | 2,140 
Gulligradel sees sae een e aos 0 0 19 193 54 36 302 
Granditotalessse eee sceeeeseee 487 850 711 749 603 609 4,009 
Sizes— 
112}and smaller! 2 ==. - 2222 72 583 185 360 125 221 | 1,546 
CRS ae eas Haha) 24 68 86 | ' 97 108 81 464 
SOR Rass ee ss SoS 62 75 122 49 77 103 488 
64 ee oa Mee tie eee eee 76 59 102 22 99 73 431 
AS Meee eect aeses = eee 61 38 88 12 69 43 311 
CALA. ee COnSaes pee Se 60 10 44 6 36 23 179 
24vand Narger~ sess se ses eee 132 17 65 10 35 29 288 
Total: e480 25552 Jehan e 487 850 692 556 549 573 3, 707 
Number of seeds: 
Ivory-White grade— 
112) and’smallerss 2225 eee. (?) 2 1 3 1 3 10 
G4 anita ck eA Mose a saee eee 0 1 0 0 6 3 10 
24iandVarger eels se eese sae (2) 3 0 0 3 6 12 
Standard grade— 
112 and smaller.......------| | () { 7 3 2 2 3 8 
0 3 5 
Gabe duced Sepeteen” sepervan yard { ; 7 3 2 4 2 16 
2Avandilarver® Saeco secec nee he (2) { ; ‘ 0 3 6 12 
Cull grade— 
Se Don eas Sn eke (2) (2) (2) (2) 3 5 11 
CRS AES IER et @) (2) (2) (2) 1 4 13 
24am dulancere ser oe ace aoe () () (?) () 2 8 14 
Potaleseorsck sce | 0 20 | 4 7 2» 40] 106 


1 The excessive number of culls occurring in 1913 were due to the severe freeze of that season. 
2 Not counted. 


Descriptions of the important strains and variations from these 
strains are made in the field. Photographs of typical trees and 
fruits and their variations are obtained during the performance- 
record work, in order to illustrate their characteristics. All of the 
information collected in this way is brought together at the end of 
the season and classified. 


DESCRIPTIONS OF IMPORTANT STRAINS. 


The following descriptions of some of the important strains of the 
Marsh variety of grapefruit are summarized from detailed field 
observations, measurements, and studies of typical trees and fruits. 
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They are presented for the purpose of illustrating the most important 
characteristics of the strains and to furnish a basis for understanding 
and interpreting more fully than otherwise would be possible the 
tables and discussions of the behavior and value of the trees of these 
strains. ; 

MARSH STRAIN. 

The trees of the Marsh strain, an example of which is shown in 
Plate II, are the most productive and bear larger crops of desirable 
and valuable fruits than any of the other strains of the Marsh variety. 
Some of the trees begin producing profitable crops at about four 
years from planting and yield regularly increasing crops every year. 
The oldest trees of this character under observation were planted 
im 1898. Other trees of this strain have a tendency to produce large 
crops one season, followed by lighter crops the next year. Some 
few trees of this strain are habitually low producers as compared 
with the most productive trees. As arule, the most productive trees 
bear larger crops of first-grade fruits of the most valuable commer- 
cial sizes, viz, 80, 64, and 48 fruits per box, than are produced by the 
low-yielding trees. The large production of high-grade fruits from 
trees of this strain makes it particularly valuable from the commer- 
cial standpomt. The trees of this strain have a spreading habit of 
growth. The leaves are abundant, large, elliptical, acutely pointed, 
light green in color, and have large winged petioles. The trees nor- 
mally bloom in March, and the fruits ripen during the summer 
months of the following year. 

The fruits of the Marsh strain, a typical example of which is shown 
in Plate V, are oblate in shape, the stem end is usually slightly sunken, 
and the blossom end even and flattened. This shape is best adapted 
for handling, and is also a desirable one from the consumer’s stand- 
point. The texture of skin is usually very smooth; color creamy, 
commonly called ivory white; bloom little or none; rind about one- 
quarter of an inch in thickness; color of flesh amber; number of 
sections 12 to 14; rag sparse and tender; vesicles medium in size; 
core usually open, about 1 inch in diameter; juice abundant, mildly 
acid, bursting from the fruit when cut, quality excellent, having 
desirable grapefruit flavor; seeds averaging about three per fruit, 
which condition is termed ‘‘ commercially seedless.” 

Table I shows the detailed performance record of a representative 
tree of the Marsh strain for the year 1912 and also the summarized 
record of the same tree for the 6-year period from 1910 to 1915, 
inclusive. The record of seed content in Table I shows the small num- 
ber of seeds found in fruits of this strain, several of those examined 
being entirely seedless. 

The superior quality of the fruits of this strain is very marked. 
It apparently improves in storage under proper conditions, which 
are an even temperature of about 45° to 50° F. and about 80 to 90 
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per cent humidity. Under these conditions there is usually an 
improvement of the fine flavor and the tenderness and palatability 
of the flesh. For this reason the grapefruit season can be appre- 
ciably lengthened by holding the ripe fruits under storage condi- 
tions. Another factor of importance in this connection is that 
consumers can keep the fruits without appreciable deterioration in 
quality for considerable periods of time. 


SEEDY STRAINS. 


Two seedy strains have been found which are alike in most char- 
acteristics of tree and fruit, but which differ greatly in texture of 
rind and shape of the fruits. 

The trees of the seedy strains, an illustration of which is shown 
in Plate III, bear relatively very small crops and usually have a 
very marked alternate-season habit of bearing. The trees have a 
peculiar and characteristic drooping habit of growth, giving them 
a dwarfed appearance, which renders their determination an easy 
matter when once this condition is known. The leaves are rather 
sparse, small to medium in size, light green in color, and are usually 
narrow and very sharply pointed. 

All of the heavily seeded fruits are objectionable, and: their presence 
in the regular crop tends to depreciate its value as a whole in the 
markets, in many cases lowering the price received about $1 per box. 
In addition to this direct cause of loss to the growers, the presence 
of fruits of the seedy strains impairs the reputation of the entire 
Marsh variety. 

TaBLE Il.—Performance record of Marsh grapefruit tree No. 1-15-29, Rough Seedy 
strain,’ showing the weight and number of fruits of each size and grade and number of 


seeds counted in detail for the season of 1912 and summarized for the 6-year period, 1910 
to 1915, inclusive. 

(The summarized 6-year record illustrates the method of assembling the data of successive seasons for 
careful comparison and study. The weights are given in pounds and ounces, except that the 6-year 
totals and the averages are expressed decimally in pounds. This tree is listed in rank 25 of Table III.] 


DETAILED RECORD FOR THE SEASON OF 1912. 


M Fruits. : Seeds.2 
Ivory-White 
Sizes of fruits. grade. Standard grade.| Cull grade. Total. Tarore=|| tema 
i N N : N N ae ae 
um- . Yum- . um- . um- e. ade. 
Weight.| “por. | Weight.| por. | Weight.| por. | Weight.| orn | 8 st 
Lbs. 02. Lbs. 02. Lbs. 0z Lbs. 0z 
112 and smaller...... @11 1 0-11 (i St St A ae - 53 30 
OG eis ceGe oe es tute o- 0 0 3- 4 be Sel ea ee (ee 3- 4 Ash oie oes Sati] seek ees 
BOE De ALA eS os 0-0 0 9-11 Ly Pe a | I 9-11 iy RS i ie 2 Gs 
Gtk Ney ee 3-14 Aylsie 7210 Ey se ee [gene ke 11-8 )| 48 66 { 38 
AR eS ae 1-14 2 6-15 Yall See eee ee Sea 8-13 Oy eee sel emery 
B2S53 15 FS SSS 3- 2 3 16- 9 ipa SL SS le 19-11 18: |.. 2 Sates eS 
24nd larger........ TUBA Robe! 11 Oc cey MU wn cs Peal Reese woo} 73) 63l{ 3 
Motalesee seer 21- 9 20 133- 7 TOON ees Vena e eae oe 155- 0 129 182 229° 


1 Notes,—Date: May 11, 1912. Poor shape; thick-skinned fruits. 2 Seeds of cull fruits not counted. 
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Taste I].—Performance record of Marsh grapefruit tree No. 1-15-29, ete.—Continued. 


SUMMARIZED RECORD FOR S1Ix SEASONS. 


Grades and sizes. 


Weight of fruits: 
vory-White grade. 
Standard grade 
Cull grade 


Sizes— 


hHaandismallenvs2 of. 55% - | 
9 


Number of fruits: 
Ivory-White grade 
SLang@ard)erade.. 535.52 2202 2-2. 
Cull grade 1 


Grand total 


Sizes— 
112 and smaller 


Number of seeds: 
Ivory-W hite grade— 
112 and smaller 


2G@andilarger. ...2-542422 22 - 
Standard grade— 


112and smaller-.-----.--.--- | 


24 and larger 


Cull grade: 
ae and smatiers.c22t cis s..2 
4 


1910 | 1911 | 1912 | 1913 | 1914 | 1915 | Total er 
|Lbs. oz. |Lbs. oz. |Lbs. oz. |Lbs. oz. | Lbs. 0z. |Lbs. oz. | Lbs. 02. 
| 99-12 | 137-2] 21-9] 24-9] 88 4] 44-10 | 338-14 56.5 
3- 6 | 219-10 | 133- 7 | 160-0 | 122-5 | 113-7| 752-3] 195.4 
ee PO OS Oil Se Bl RBS Oi) a Fal | eS eee 13.9 
26- 2 | 356-12 | 158- 5 | 238- 0 | 212- 1 | 183-11 |1,174-15| 195.8 
| 0 0| 98-8] 1-6] 113-0] 20-0| 16-8 | 249-6 41.6 
Loh eee | S|) ee eae Sai) Tee 21.4 
e214 |e Ronen mnOein eT y6) |b 27S) 19-14 Ist g 21.9 
| 3414] 49-12] 11-8] 9-15] 32-14] 14-11 | 120-10 20.1 
EON ee Ol) BSB) Gam) ome) ies ae! 18.4 
Foe) Gee ON Tee |) TENZ | Gp. GO|) TEL) Spe 13.8 
| 20-5| 20-4] 100-11| 0 0] 59-10] 67-4] 268-2 44.7 
| 26- 2 | 356-12 | 155-0 | 184-9 | 210-9 | 158-1 |1,091-1] 181.9 
| 
| 18 152 20 40 95 43 368 61 
2 244 109 267 132 101 855 143 
0 | 0 4 116 3 33 156 26 
| 20] 396 | fas 423 | 30 77 1 1379 |) 230 
| = 
0 134 2 209 29 22 396. 66 
| 0 65 4 58 24 11 162 27 
1 64 il 19 32 21 148 25 
| 2 50 12 12 36 14 126 21 
| 1 45 9 7 29 16 107 18 
| 2 21 18 2 21 11 75 12 
| 14 17 73 0 56 49 209 35 
|; . 20 396 129 307 227 144| 1,223 | 
(2) 53 53 29 57 56 248 
| 44 47 66 43 58 60 274 
| (2) 50 63] (2) 66 52 231 
| @) 44 30 39 36 64 133 
57 36 
{ oa \ - { 83 \ 44 39 59| 260 
(2) { 2 re \ () 45 52| 256 
(?) (2) (2) (2) 58 58 190 
(2) (2) (2) (2) (2) 41 120 
| (2) (2) (2) @ (2) 65 171 
156 345 411 155 359 507 | 1,933 


1 The excessive number of culls occurring in 1913 were due to the severe freeze of that season. 


2 Not counted. 


ROUGH SEEDY STRAIN. 


The fruits of the Rough Seedy strain, an illustration of which 
is shown in Plate VI, are globular, with the stem end somewhat 
sunken in a cuplike depression, while the blossom end is also slightly 
sunken or depressed. The skin is usually coarse in texture and has 
a dull yellow color, both of which conditions lessen the commercial 
value of the fruit. The rind is usually about half an inch thick; 
color of flesh, straw; number of sections 12 to 14; rag usually coarse 
and unpalatable; vesicles long and large; core usually open, about 
1} inches in diameter; juice usually abundant in quantity, strongly 
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acid, flavor poor, quality very inferior; seeds very large, averaging 
about 50 per fruit. The great number of seeds found in each fruit 
is distinctly detrimental to the commercial value of this strain. 
Table II shows the detailed performance record of a representa- 
tive tree of the Rough Seedy strain for the year 1912 and also the 
summarized record of the same tree for the 6-year period from 1910 
to 1915, inclusive. These records, in comparison with those from 
the tree of the Marsh strain presented in Table I, show the relatively 
small crops of trees of the Rough Seedy strain and the very high 
seed content of the fruits of that strain. The trees whose records 
are shown in Tables I and II grew near each other in the same plat. 


SMOOTH SEEDY STRAIN. 


The fruits of the Smooth Seedy strain, an illustration of which 
is shown in Plate VII, have a flattened shape, smooth texture, and 
ivory-white color of rind. Entire trees of this strain have been 
found, and individual fruits and limbs bearing several fruits of this 
strain are frequently found on trees of the Rough Seedy strain. 
These fruits are very similar in outward appearance to those of the 
Marsh strain, but they usually have about the same number of seeds 
as typical fruits of the Rough Seedy strain, and their characteristics 
of flesh and juice are similar to those of that stram: Such fruits are 
so nearly like those of the Marsh strain that it is frequently impossible 
to sort them out of the general crop, even by the most careful in- 
spection. For this reason, in orchards where trees of this Smooth 
Seedy strain are found it is especially important to top-work such 
trees, using select buds from the Marsh strain. 


ROUGH STRAIN. 


The production of trees of the rough strain is lower than that 
of trees of the Marsh strain, and the fruits are of inferior commercial 
quality. The habit of growth of the trees is usually erect, and the 
vigor of growth is greater than that of the trees of other strains 
of the variety. An abnormal number of branches of unusually 
vigorous growth, commonly called suckers, are produced by these 
trees. These branches usually grow very erect and are irregular in 
their habits of fruitmg. The leaves are very large and usually 
somewhat sharply pointed and have large winged petioles. 

The fruits, an illustration of which is shown in Plate VIII, are 
globular in shape; size large; skin rough, coarse; color dull yellowish; 
rind about half an inch thick; rag abundant, bitter; juice scant, 
lacking in flavor and of inferior quality, and commercially seedless. 
The fruits of this strain usually ripen later than those of the Marsh 
strain, even when borne on different branches of the same tree. 


Bul. 697, U. S. Dept. of Agriculture. PLATE V. 


P1659I—HP 


Fig. 1.—SIDE VIEW, SHOWING THE FLATTENED SHAPE AND SMOOTH SKIN CHARAC- 
TERISTIC OF FRUITS OF THIS STRAIN. (NINE-TENTHS NATURAL SIZE.) 


P'6592—HP 


Fia. 2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THIN RIND AND FEW SEEDS 
CHARACTERISTIC OF FRUITS OF THIS STRAIN. (THREE-FOURTHS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE MARSH STRAIN OF THE MARSH 
GRAPEFRUIT. 
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Fic. 1.—SIDE VIEW, SHOWING THE CHARACTERISTIC SHAPE AND APPEAR- 
ANCE OF THE FRUITS OF THIS STRAIN. (TWO-THIRDS NATURAL SIZE.) 


P9385—HP 


Fic. 2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF RIND 
AND HEAVILY SEEDED CHARACTER OF THIS FRUIT. (TWO-THIRDS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE ROUGH SEEDY STRAIN OF THE 
MARSH GRAPEFRUIT. 


Bul. 697, U. S. Dept. of Agriculture. PLATE VII. 
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Fie. 1.—SIDE VIEW, SHOWING THE CHARACTERISTIC SHAPE AND APPEARANCE 
OF THE FRUITS OF THIS STRAIN. THREE-FOURTHS NATURAL SIZE. ) 


P902I—HP 


Fig. 2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF RIND 
AND HEAVILY SEEDED CHARACTER OF THE FRUITS OF THIS STRAIN. (THREE- 
FOURTHS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE SMOOTH SEEDY STRAIN OF THE MARSH 
GRAPEFRUIT. 


Bul. 697, U. S. Dept. of Agriculture. PLATE VIII. 
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A TYPICAL FRUIT OF THE ROUGH STRAIN OF THE MARSH GRAPEFRUIT, SHOWING ITS 
CHARACTERISTIC SHAPE AND APPEARANCE. 


(Three-fourths natural size.) 


Bul. 697, U. S. Dept. of Agriculture. PLATE IX. 
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Fia. 1.—SIDE VIEW, SHOWING THE PYRIFORM SHAPE AND DEEPLY FLUTED 
AND RID@GED CHARACTER OF THE FRUITS OF THIS STRAIN. (SEVEN-1T ENTHS 
NATURAL SIZE.) 


P9033—HP 


Fic. 2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF 
THE RIND AND THE CORE CHARACTERISTICS OF THE FRUITS OF THIS STRAIN. 
(SEVEN-TENTHS NATURAL SIZE.) 


A RIBBED FRUIT, A STRIKING VARIATION OF THE MARSH 
GRAPEFRUIT VARIETY. 


Bul. 697, U. S. Dept. of Agriculture. PLATE X. 
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Fic. 1.—SIDE VIEW, SHOWING THE SHAPE AND CORRUGATED APPEARANCE OF 
»" THE FRUITS OF THIS STRAIN. (THREE-FOURTHS NATURAL SIZE.) 


P9018—-HP 


Fic.'2.—Cross SECTION OF THE SAME FRUIT, SHOWING THE THICKNESS OF 
THE RIND AND OTHER CHARACTERISTICS. (THREE-FOURTHS NATURAL SIZE.) 


A TYPICAL FRUIT OF THE CORRUGATED STRAIN OF THE 
MARSH GRAPEFRUIT. 
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BELL STRAIN. 


The trees of the Bell strain of the Marsh grapefruit, like those of 
the Rough strain, are usually more vigorous and less productive than 
those of the true Marsh strain. Sucker growth is very abundant 
i trees of the Bell strain, giving them an erect habit of growth. The 
foliage is dense and the leaves are large and sharply pointed. The 
fruits resemble closely those of the Rough strdin, except in shape. 
They are somewhat pyriform and constricted toward the stem end, 
giving them a bell-shaped appearance. 

In addition to the trees bearing fruits having these general charac- 
teristics as a whole, ‘‘off-bloom” fruits, developed from flowers 
blooming out of the regular season, frequently show a marked resem- 
blance to those of the Bell strain. As a rule these fruits are of 
inferior quality. They do not develop as much sugar or as good 
flavor as those of the Marsh strain, no matter how long they are 
allowed to remain on the trees, and they are very undesirable from 
every standpoint. 

Trees bearing a large proportion of fruits of this Bell strain, or 
those showing a tendency toward the production of fruits of this 
character, should be eliminated by top-working, and should be care- 
fully avoided in the selection of bud wood for propagation. 


ALTERNATE-BEARING STRAIN. 


The trees of the Alternate-Bearing strain may be divided into two 
groups, those bearing fruits with a large number of seeds and those 
whose fruits are commercially seedless. Several performance-record 
trees, showing a marked tendency to alternate bearing previous to 
the freeze of 1913, were so affected by the freeze that their production 
was lowered and their normal habits of production interfered with 
for the time being. These trees, at this time, four years after the 
freeze, show a tendency to an increase in production with a return 
of their alternate-bearing characteristic. 

The important group of trees in the Alternate-Bearing strain is 
that which resembles closely the Marsh strain except in the charac- 
teristic of regularity of production. In habit of growth and foliage 
characteristics, these trees, so far as observed, can not be distinguished 
from trees of the Marsh strain. The fruits, except as to number or 
time of bearing, are so like those of the Marsh strain as to be indis- 
tinguishable from them on the basis of our present knowledge of 
their characteristics. 

UNPRODUCTIVE STRAIN. 

A smaller proportion of trees of the Unproductive strain has been 
found in the performance-record plats of grapefruit than has been 
found in studies of a similar nature with the Washington Navel and 
Valencia varieties of orange, or of the Eureka and Lisbon varieties 

56085°—18—Bull. 6972 
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of lemon. This condition may-be due, in part at least, to the more 
recent introduction of the Marsh variety and the comparatively 
small amount of propagation of it, so that only afew bud generations 
have been available for observation. Recent commercial propaga- 
tions of this variety have been made, as a rule, with the use of buds 
selected from trees of the Marsh strain and for the most part by the 
use of fruit-bearing- buds, which explains the presence of only a small 
number of trees of the undesirable strains. 

The trees of the Unproductive strain, and the fruits borne by them, 
are similar to those of the Marsh strain, except that the trees usually 
bear relatively fewer first-grade valuable fruits and show a marked 
alternate-season bearing habit. 


INFREQUENT FRUIT VARIATIONS. 


Fruits possessing Many minor variations of interest and of some 
importance have been borne by the performance-record trees in 
addition to the important strains already described. These varia- 
tions have not been found as frequently as has been the case in the 
other citrus varieties in the performance-record plats. Fruits are 
occasionally found that, from outside appearance, more nearly 
resemble oranges than grapefruits. Some of these variable fruits 
resemble in flesh and juice characteristics combinations of some of 
the qualities of oranges, tangerines, and grapefruits. 

Another variation occasionally met with is the ribbed fruit, an 
illustration of which is shown in Plate IX. In this case the fruit is 
usually bell shaped and the peel has regular longitudinal ridges and 
depressions, giving it a ribbed or fluted appearance. The rind 
is usually thick, the rag is rather coarse and bitter, the juice is 
abundant but of inferior flavor and quality, and the fruits are com- 
mercially seedless. These fruits are probably worthless for com- 
mercial purposes. 

Fruits having raised or sunken sections, or both, are of rather 
frequent occurrence, particularly on trees of the Seedy and Rough 
strains. 

Several fruits having well-developed navels have been found 
among the fruits on the performance-record trees. In some cases 
they were absolutely seedless, while.in other instances the fruits 
contained several seeds. So far, no branch or tree has been found 
bearing only navel grapefruits. No attempt has been made as yet 
to isolate a strain of navel grapefruits through bud selection, although 
it seems probable that this can be done. The presence of a navel 
in the seedless grapefruit, other things being equal, would likely be a 
disadvantage except as a distinctive mark for the variety. 

Occasional limbs bearing absolutely seedless fruits have been 
observed in the performance-record trees. Other limbs have been. 
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found in these trees bearing fruits all of which were heavily seeded. 
Frequently individual fruits, either seedless or heavily seeded, are 
found in trees of the Marsh strain. However, seedless fruits occur 
much more frequently than heavily seeded ones. 

In trees of the Rough Seedy strain, smooth, flattened, seedless 
fruits characteristic of the Marsh strain have been found. The 
occurrence of the typical Marsh fruits in the trees of the Rough 
Seedy strain is as much of a variation as the occurrence of ribbed 
fruits in trees of the Marsh strain. 

In a few cases limbs have been found in trees of the Marsh strain 
bearing several bell-shaped, corrugated fruits with thick rinds, as 
illustrated in Plate X. These fruits are produced from flowers 
which bloom during the normal period and are not the result of flowers 
developed out of the regular blooming period. | 

Many other variations in fruits of the Marsh variety of grapefruit 
have been observed, but are apparently of less importance than the 
ones cited in the foregoing paragraphs. The studies of these fruits 
and their relation to bud variation and bud selection are being con- 
tinued with the object of securing definite and reliable information 
concerning their characteristics. 


SEASONAL FLUCTUATIONS IN PRODUCTION. 


The influence of extreme climatic conditions upon the behavior 
of grapefruit trees, while less marked than in the case of orange and 
lemon varieties, is, nevertheless, of importance in considering the 
performance records of the individual trees in these investigations. 
For instance, the severe freeze during the winter of 1913 upset the 
behavior of these trees to some extent for the two following seasons. 
One effect of the freeze was to kill much of the tender fruit-bearing 
wood. Naturally the loss was greater in the productive than in the 
unproductive trees. The loss of this wood and the time required for 
the tree to repair the injury resulted in a reduction of the yield for the 
following seasons. 

Continued dry winds, with a very low condition of relative humidity, 
sometimes increase the transpiration from the trees beyond the wilt- 
ing point. The evaporation of soil moisture is also increased to an 
abnormal degree at such times, thus reducing the moisture available 
for use by the trees. Such conditions check the development of 
fruit-bearing wood and influence the amount, texture, and appear- 
ance of the rind and size of the fruits. If these dry winds occur 
during the blooming period, or shortly following that time, an 
unusual drop of flowers or young fruits occurs, so much so in some 
cases as to materially reduce the yield of the trees. 

In the selection of parent trees for propagation on the basis of 

their performance records, it is necessary to take into account any 
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unusual climatic or other conditions which may have occurred 
during the period of study. Of course during long periods of observa- 
tion the effect of occasional extreme conditions is largely overcome, 
so that the records become more nearly an absolute guide. 


PRESENTATION OF DATA. 


The tables and diagrams here presented are prepared from the 
performance records of Marsh grapefruit trees in two plats, one of 
25 trees planted in 1898 and the other of 52 trees planted in 1903. 
For convenient reference in the following discussion these plats will 
be designated A and B, respectively. These records cover the six 
years from 1910 to 1915, inclusive. However, the culls were not 
recorded in 1910 or 1911, so that the data shown for the fruit of that 
grade represent conditions during four seasons only. In these 
plats there are representative trees of five of the six recognized 
important strains of the Marsh variety. In plat A, the older trees, 
there are 19 trees of the Marsh strain, 5 of the Seedy strains, and 1 
of the Rough strai. In plat B there are 40 trees of the Marsh strain, 
9 of the Alternate-Bearing strain, and 3 of the Unproductive strain. 
These plats are both located as solid blocks of trees in larger com- 
mercial plantings. It is interesting to note that only 76 per cent 
and 76.9 per cent, respectively, of trees of the Marsh strain were 
found in the two plats, and approximately the same proportions of 
typical Marsh trees are found in the two orchards as a whole. 

The performance records, descriptions, and illustrations from 
photographs here presented only partially indicate the character- 
istics of the various strains. The trees and fruits must be séen and 
studied personally before their true differences can be fully appre- 
ciated and the importance of these variations in commercial fruit 
erowing really understood. On this account the determination 
of trees from which to secure bud wood for propagation should not 
be made entirely on the basis of the performance records of the 
trees. ‘The most reliable selection will be made by a comparative 
study in the orchard of the performance records of the trees, the 
habits of growth and appearance of the trees, and the character of the 
fruit on the trees. Such a selection can be intelligently made only 
by some one who, through close study and observation of the trees 
themselves, has gained an intimate knowledge of the interrelation 
of tree characteristics and crop production. 

In Tables III and IV are presented the individual-tree perform- 
ance records of all the trees in the investigational plats on which 
data have been secured for the 6-year period. These show the 
production by weight and number of fruits of each grade and size — 
for each year and the average annual production for the 6-year 
period both by grades and sizes. The basis of ranking the treesin _ 
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these tables is their average total annual production expressed in 
pounds, without regard to the quality or uniformity of the fruit. 
This arbitrary basis is adopted only because of the impracticability 
of working out a system to show the actual relative commercial 
value of each individual tree; hence, the order in which the trees 
are here listed is not always an indication of their true value, either 
as fruit producers or as sources of desirable bud wood for propaga- 
tion. 

In expressing the averages of weights in these tables only one 
decimal place has been retained, and in the figures showing the 
averages of the number of fruits occurring in different groups no 
decimal has been retained except where the average is less than 
unity; hence, it will be found that the totals of averages will some- 
times vary slightly from the average of the totals of the correspond- 
ing numbers. 

Cull fruits were not recorded for the years 1910 and 1911, hence 
the average production of that grade is not strictly comparable 
with the averages of the other grades, and the total of the averages 
of the three grades is not equivalent to the average of the total crops. 

Because it is impracticable to assort the culls by sizes, the fruits 
listed by sizes under the heading ‘‘Total crop”’ represent only the 
total commercial crops, being equal to the total crop exclusive of 
the culls. 

In determining the seed content of fruits on the different trees, 
counts are made, when possible, of the seeds in a small, a medium, 
and a large fruit of each of the three grades. In this way a record is 
secured of the actual number of seeds in nine fruits from each tree, 
yearly, and it is thought that this system gives a fairly accurate indi- 
cation of the relative seediness of the fruits of the different trees. 
Counts were not made on plat B until 1912, and no’determinations 
were made in the Cull grade on either plat until 1914. In 1910, only 
one fruit of the Ivory-White grade and two fruits of the Standard 
erade were used for this purpose. In 1911 and 1912, three fruits from 
the Ivory-White grade and six from the Standard grade were used, 
and in 1913 three from both the Ivory-White and Standard grades 
were cut. In 1914 and 1915, three fruits from each of the three grades 
were examined, when possible. The general average for each year 
is secured on the basis of the actual number of fruits examined and 
not from an average of the averages of the different grades. No 
record of the occurrence of variable fruits was made until 1912. 
The increase in the number of such fruits recorded during recent 
years is due to the fact that the observers have gradually become 
familiar with additional variable forms. Practically all the variable 
fruits recorded are of minor importance, such as those with ridges, 
raised or sunken sections, or creases. 
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Because, as already stated, it is almost impossible, on the basis of 
performance records alone, to make an intelligent estimate of the 
relative value of different trees in any group, except of those which 
vary greatly in the amount of their production, no discussion of that 
nature will be attempted here. The records of the individual trees 
are presented to show the variations that occur between them. Con- 
clusions of relative values are limited to comparisons of the various 
strains and the groups of highest and lowest producing trees in the 
two plats. 
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P20921HP 
Fig. 1.—Average annual total crop and the production by the two commercial grades from the individual 
trees in the investigational performance-record plat A of Marsh grapefruit in a grove planted in 1898, 
being a summary of data secured during the 6-year period, 1910 to 1915, inclusive, 


In order to show more clearly the relative variations in production 
that occur in the crops from the individual trees, figures 1 and 2 are 
presented, showing graphically the average total annual production 
of each tree and the production of the two commercial grades. The 
trees are ranked in these diagrams in the same order as in Table III. 
While the average production of the 25 trees in plat A, shown in 
figure 1, varies from 528.1 to 195.8 pounds, 17 of them, or 68 per 
cent, are seen to be within the comparatively uniform range of 430.9 
to 337 pounds. The five lowest producing trees in this plat are all 
of the Seedy strain. The trees in plat B, recorded in figure 2, are 
younger than those in plat A, hence their average production is 
much lower. Their range of variation is from 240.1 to 79.3 pounds. 
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Fia. 2.—Average total annual crop and the production by the two commercial grades of the individual trees of Marsh grapefruit in the investigational performance-record plat B 
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in a grove planted in the fall of 1903, being a summary of data secured during the 6-year period, 1910 to 1915, inclusive. 
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However, 42 of them, or 80.8 per cent, are within the comparatively 
uniform limits between 186.8 and 117.8 pounds. The three lowest 
producing trees in this plat are of the Unproductive strain. 

Table IV shows the proportions of first-grade fruit in the crops of 
each tree in the investigational plats during the 6-year period, 1910 
to 1915, inclusive, and the percentages of variable fruits which were 
recorded from each tree during the four years, 1912 to 1915, inclusive. 


TaBLE I1V.—Average annual production of the individual Marsh grapefruit trees in 
investigational plats A and B, for which detailed performance records were obtained 
for the 6-year period, 1910 to 1915, inclusive. 


(The strain to which each tree belongs is shown by abbreviations as follows: AB= Alternate Bearing, M= 
Marsh, R= Rough, RS= Rough Seedy, SS=Smooth Seedy, U= Unproductive.] 


INVESTIGATIONAL PLAT A, PLANTED IN 1898. 


Average annual pro- Average annual pro- 
duction. duction. 
Bb _ Bb m 
2 BA P 2 BA 
Strain. moles lined 5 Strain. - ‘ 3's 
se} aa I ey ao 
ac g ad 
© +3 B | ao) a8 S is B | Re | q 
: Z aI 2 |e | cA Z eS 2 |S | oa 
a 2 oo Ve |e | Seid 2 a | 8 |8? |ee 
a x = BS c2 || 3 g 2 ie ae 
ea 2 eel eats ee a Sy ba Dress teh | (SS 
Per | Per P Per 
Lbs. cent. | cent. Lbs. cent. | cent. 
sal 528.1 | 668 | 42.6 | 0.75 || 14 1-16-29 | 363.9 | 444 | 58.0] 0.39 
2 430.9 | 5389 | 55.0} .70 || 15 1-17-29 | 357.0 | 425 | 52.6 -41 
3 426.4 | 559 | 50.6 -45 |] 16 1-17-81 | 351.5 | 400 | 61.2 1. 00 
4 414.3 | 518 | 54.8 -19 || 17 1-17-32 | 342.8 | 480 | 58.6 Al 
5 409.2 | 540 | 42.9 -19 |} 18 1-16-33 | 337.0 | 408 | 51.1 31 
6 404.6 } 482 | 50.6 21 || 19 eats 1-15-32 | 289.5 | 415 | 47.3 60 
il 404.5 | 531 | 45.5 soo ||) 20) |) Meee cco) 1-18-33) 27204 1373 5925 40 
8 393.5 | 507 | 49.9 CDT FAL) RISE e ae ee 1-14-29 | 249.2 | 288 | 22.5 61 
9 391.9 | 444 | 62:8) .39 || 22.) RS...2_2) 1-14-31 | 232.8 | 274 | 24.2 | 1.00 
10 391.9 | 508 | 57.6 PAD) I 2334] ISEB eae 1-18-31 | 222.4 | 248 | 49.3 20 
11 382.1 | 411 | 61.8 ENS | xb | IIS ee 1-15-33 | 214.9 | 267 | 26.2 75 
12 78.8 | 490 | 53.2 BORD |S) |) JS eee 1-15-29 | 195.8 | 230 | 28.9 87 
13 377.1 | 447 | 56.4 Silty 
INVESTIGATIONAL PLAT B, PLANTED IN THE AUTUMN OF 1903. 
Teel a De eee 23-59-13 | 240.1 | 299 | 65.9 | 0.33 || 27 | M_.-.....] 23-59-10 | 156.5 | 182 | 71.3 0. 41 
P71 a TE eases 23-59— 5 | 223.7 | 263 | 62.6 | 1.24 || 28 |} AB_...... 23-62-13 | 153.3 | 191 | 68.0 26 
Bi fa baer See 23-59-11 | 213.3 | 258 | 67.1 -39 || 29 | M._.-....| 23-61-15 | 152.7 | 180 | 74.7 00 
Ass) Viet See 212 23-61-13 | 210.3 | 242 | 68.0] .52 || 30 | M_.......} 23-62-17 | 151.6 | 190 | 62.3 53 
5 | M...-.....| 23-60-16 | 203.5 | 256 | 57.0 net) |} Bil |] wale Seed 23-61-19 | 151.4 | 193 | 61.7 52 
GM er cee 23-60-12 | 199.2 | 229 | 65.8] .66 || 32 | M___.....] 23-63-20 | 143.6 | 177 | 70.8 71 
Gal Maye ears: 23-59-15 | 186.8 | 224 | 66.2 - 34 || 33 | M...-....| 23-60-18 | 141.8 | 168 | 62.2 74 
8 | M........| 23-61-21 | 184.2 | 228 | 63.8 sO |] SHE Wee eoeos 23-61-16 | 141.5 | 168 | 68.1 2. 68 
9 | M........| 23-61-20 | 182.7 | 230 |} 60.8 | .65 |] 85 | M........ 23-60-13 | 140.1 | 163 | 63.9 . 46 
10 | M........| 23-61-11 | 182.6 | 234 | 66.0 oral Wao ll Wee es oes 23-63-18 | 139.3 | 156 | 73.8 - 48 
11 0/0] aa ee ae 23-63-21 | 181.6 | 221 | 69.4 ANS II] Bi |) MES oo sease 23-60-17 | 138.9 | 164 | 64.3 - 46 
12 | M........| 23-60-11 | 179.0 | 203 | 68.9 | .86 || 38 | M._......| 23-62-20 | 138.5 | 168 | 55.1 - 89 
13 | M..-.....} 23-60— 9 | 175.1 | 217 | 67.4 | 1.04 || 39 | M...-.... 23-62-12 | 135.6 | 170 | 69.9 . 59 
14 | M........| 23-62-16 | 174.5 | 214 | 66.0 | .58 || 40 | AB-...... 22-59-12 | 135.1 | 174 | 62.9] 1.01 
TIES Fi Ee epee 23-60- 8 | 173.1 | 207 | 68.4 | .12 || 41 | M.......-| 23-61-12 | 134.9 | 160 | 66.5 .47 
UG) WN Eee 23-59- 7 | 171.9 | 204 | 67.3 | 1.35 || 42 | M._......] 23-62-18 | 131.1 | 146 | 69.9 1. 20 
7a eM es 23-63-15 | 170.3 | 218 | 61.6] .23 |} 48 | M........| 23-59- 6 | 126.7 | 148 | 64.2 84 
Si PAUS= <2. 25 23-62-22 | 166.4 | 212 | 65.6 259 44. [Mien cook 23-63-23 | 125.1 | 156 | 60.5 . 64 
GN AGREES Pe. 23-61-18 | 162.9 | 213 | 58.4 -23 || 45 | M...-....| 23-62-19 | 121.9 | 148 | 68.1 135 
20 | M........| 23-60-10 | 161.7 | 197 | 65.2 | .25 |} 46 | AB_...... 23-63-22 | 119.5 | 154 | 58.7 . 00 
21 | M-......| 28-59- 8 | 161.5 | 194 | 72.4 5 IN 270 |) Ee a 23-63-16 | 117.8 | 149 | 66.3 . 84 
oe AUS! se 22 23-61-14 | 159.8 | 194 | 74.4] .90 |] 48 | M...-.....| 23-65-19 | 117.8 | 144 | 64.0 87 
23 | M_....-.-} 23-62-21 | 159.8 | 196 | 65.4 .77 || 49 | M_-......-.] 23-63-19 | 112.6 | 136 | 73.0 -18 
Ais 23-59-14 | 159.7 | 190 | 65.8 | .39 |] 50 23-63-25 | 101.2 | 118 | 68.8 BP Al 
D5rVA Beef... 23-62-15 | 158.1 | 193 | 72.6} .13 |} 51 23-60-14 | 88.5 | 106 | 64.3 47 
OM PAUsccs = |. 23-59- 9 | 157.1 | 196 | 67.8 26 || 52 23-60-15 79.3 94 | 66.0 S50 


1 These data relating to variable fruits cover only four years, 1912 to 1915, inclusive. 
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In Table V and the corresponding diagrams, figures 3 and 4, the 
trees in the two performance-record plats are grouped by strains, 
and the average annual production of the individuals of each group 
is expressed. Groups are included which comprise the five highest 
producing and the five lowest producing trees irrespective of their 
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P20930HP 
Fig. 3.—Average annual crop of the individual trees of the different strains of Marsh grapefruit occurring 
in the investigational performance-record plat A in a grove planted in 1898, being a summary of data 
for the 6-year period, 1910 to 1915, inclusive, except that the data relating to culls covers only the 4- 
year period, 1912 to 1915, inclusive. 


strain, and it is worthy of note that the trees showing the highest 
production in both plats are all of the Marsh strain. The average 
production of the trees of the Marsh strain is shown to be greater 
than the average for any other strain in the same plat. The crop of 
the one tree of the Rough strain in plat A can not fairly be considered 
comparable to the averages shown for the other strains. 
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Fig. 4.—Average annual crop of the individual trees of the different strains of Marsh grapefruit occurring 
in the investigational performance-record plat B in a grove planted in the fall of 1903, being a summary 
of data for the 6-year period 1910 to 1915, inclusive, except that the data relating to culls covers only the 
4-year period, 1912 to 1915, inclusive. 


Figures 5 and 6 show the average annual proportions of fruit of the. 
different grades in the crops of the trees of the various strains occur- 
ring in the investigational performance-record plats, based on the 
average weights of the crops for the six years, 1910 to 1915, inclusive. 
Figure 5 shows that in plat A the highest proportion of fruit of the 
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first erade was produced by the trees of the Marsh strain, and this 
straim also bears the best quality fruit. The low proportion of first- 
grade fruit produced by the trees of the Rough Seedy strain was very 
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Fic. 5.—Average annual proportions of fruit of the different commercial grades in the crops of the trees 
of the various strains of Marsh grapefruit occurring in the investigational performance-record plat A in 
a grove planted in 1898. The percentages are based on the average weights of the crops for the 6-year 
period, 1910 to 1915, inclusive, except that the data regarding culls cover only the 4-year period, 1912 to 
1915, inclusive. 


noticeable. Figure 6 shows that in plat B there was practically no 
difference between the trees of the different strains in their propor- 
tions of fruit of the different grades. 
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Fic. 6.—Average annual proportions of fruit of the different commercial grades in the crops of the trees 
of the various strains of Marsh grapefruit occurring in the investigational performance-record plat B in 
a grove planted in the fall of 1903. The percentages are based on the average weights of the crops for 
the 6-year period, 1910 to 1915, inclusive, except that the data relating to culls cover only the 4+year 
period, 1912 to 1915, inclusive. 


TasLe V.—Average total annual crop per tree of the different strains of Marsh grape- 
ae in investigational plats A and B, showing production by grades of fruit for the 
6-year period, 1910 to 1915, inclusive. 


Average annual production. 
Num- 

Description of trees. ber of| Total crop. First grade. Second grade. Cull grade.! 

trees: | ee ee |e 
| 

: Num- : Num- F Num-|y,; Num- 

Weight.| per, |Weight.|"> 4, |Weight. |}. |Weight. | yo 

Investigational plat A: 
Highest producing (all Lbs. Lbs. Lbs. Lbs. 

Marsh strain)........-.- 5 441.8 565 216.1 251 206. 3 268 29.1 70 
ous strain: 2.2222... 1 404.5 531 184.2 225 204.1 269 24.3 55 
Marsh strain..........-... 19 381. 2 474 203.9 225 158.5 203 28. 2 70 
Rough Seedy strain....-- 4 223. 2 265 56. 2 64 141.5 156 38. 2 68 
Lowest producing. .....-. 5 223.0 261 66. 9 73 132.2 146 35.9 64 
Smooth Seedy strain.....- 1 222. 4 248 109.7 111 95.0 105 26.6 48 

Investigational plat B: 
Highest producing (all 

Marsh strain)....-...... 5 218.2 263 140.3 158 69.7 86 12.3 23 
Marsh strain=-.....-..---- 40 161.6 195 106. 7 120 49.5 62 8.0 20 
Alternate-Bearing strain. -| 9 151.5 191 99. 7 116 46.4 61 8.0 20 
Lowest producing.....-.- | 5 99.9 119 67.3 75 28.8 35 5.6 i4 
Unproductive strain. .-.-- 3 89.7 106 59.6 65 26.8 32 5.0 13 


1 These data relating to cull fruits cover only four years, 1912 to 1915, inclusive. 
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Figures 7 and 8 show the average number of seeds per fruit pro- 
duced by trees of the different strains in the performance-record, plats. 
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Fic. 7.—Average number of seeds per fruit found on trees of various strains of Marsh grapefruit in the 
investigational performance-record plat A in a grove planted in 1898, being a summary of the data 
secured during the 6-year period, 1910 to 1915, inclusive. 

These data indicate that the most productive and most desiranle 

strains and groups of trees bear fruit with the least number of seed. 
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character found Im ~=—*Fic, 8.—Average number of seeds per fruit found on trees of various 
strains of Marsh grapefruit in the investigational performance 
the total crops of thie a ater plat B in a grove planted in the fall of 1903, being a - 
trees of the various summary of the data secured during the 4-year period, 1912 to 1915, 


c : inclusive. 
strains in the per- 


formance-record plats. Practically all of these fruits were forms of 
minor importance. 

Figures 11 and 
12 show the aver- 
age production by 
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Fig. 9.—Percentage of variable fruits found on trees of various fo rTrmMmance-recor d 
strains of the Marsh grapefruit in the investigational performance- : Ouse’ 
record plat A in a grove planted in 1898, being a summary of plats In comparison 
the data secured during the 4-year period, 1912 to 1915, inclusive. wit h th e corre- 


sponding yields of the five lowest producing trees of these plats, 
respectively. These summaries are for the 6-year period, 1910 to 
1915, inclusive, except that the data relating to culls cover only the 
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four years, 1912 to 1915, inclusive. Figure 11 shows that the heaviest 
producing trees in plat A also bore the largest proportion of fruit of 
the most desirable sizes and of the Ivory-White (or first) grade. The 
data in figure 12 show 


that m plat B there = yspage fRuiTs PER CENT BY NUMBER 
was very little differ- 
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to 1915, inclusive, by the five highest yieldmg and the five lowest 
yielding trees in the two performance-record plats. This production 
is expressed in percentages of a packed box for the fruit of each size. 
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Fig. 11.—Average annual production by commercial sizes and grades from the five highest and the five 
lowest producing Marsh grapefruit trees, irrespective of strain, in the investigational performance- 
record plat A in a grove planted in 1898. The figuresindicate the proportion.of each size and grade to 
the total crop, calculated from their weights during the 6-year period, 1910 to 1915, inclusive, except that 
the datarelating to culls cover only the 4-year period, 1912 to 1915, inclusive. 


The yield on the acre basis is figured at the rate of production of both 
the highest and lowest yielding trees and the actual values of those 
possible yields are given. The figures show that the highest produc- 
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ing trees bore approximately twice the crop that was borne by the 
lowest producing trees. The great difference in production from the 
trees on the two plats is largely accounted for by the difference in the 
ages of the trees. The difference in the value of the crops from the 
highest and lowest producing trees serves to emphasize the desira- 
bility of propagating only from trees with known records of heavy and 
valuable production. 
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P20923HP. 
Fig. 12.—Average annual production by commercial sizes and grades from the five highest and the five 
lowest producing Marsh grapefruit trees, irrespective of strain, in the investigational performance- 
record plat B in a grove planted in the fall of 1903. The figures indicate the proportion of each size 
and grade to the total crop, calculated from their weights during the 6-year period, 1910 to 1915, 
inclusive, except that the data relating to culls cover only the 4-year period, 1912 to 1915, inclusive. 


COMPARATIVE VALUE OF THE STRAINS. 


The Marsh is the most productive and most valuable strain within 
the Marsh variety. The flattened shape of the fruits, the smooth. 
texture and waxy-white color of the rind, the abundance of juice 
of high flavor and fine quality, the commercially seedless condition of 
the fruits, and other characteristics, all combine to make them 
of superior value. The regular, heavy production of the trees under 
favorable conditions makes this strain one of the most stable and 
profitable of any of the citrus fruits in California. The increasing 
price paid for ripe fruits of this strain in many important markets 
during recent years is proof of their superior value. It would seem 
advisable to eliminate all other strains and varieties and grow only 
the Marsh strain in all commercial grapefruit orchards in California. 

The seedy strains are undesirable, and the presence of even occa-. 
sional fruits of this character in the crops is detrimental to the repu- 
tation of the variety. Because the fruits of the Smooth Seedy strain 
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are similar in appearance to those of the Marsh strain, but heavily 
seeded, the only safe way to eliminate such fruits is by top-working 
the trees of the seedy strains, using for this purpose buds selected 
from desirable trees of the Marsh strain. 

Where fruits of undesirable strains are borne on particular limbs 
in trees of the Marsh strain, they can be eliminated by cutting out 
those limbs. An examination of the trees before picking will reveal 
the presence of any limbs bearing poor or undesirable fruits. 

The Alternate-Bearing strain is usually not as valuable as the 
regular-bearing Marsh strain. In order to stabilize and standardize 
the grapefruit industry, regularity of production must be secured. 
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Fig. 13.—Average number of fruits of the various commercial sizes produced annually during the 6-year 
period 1910 to 1915, inclusive, by the five highest and the five lowest yielding trees of Marsh grapefruit in 
the investigational performance-record plat A in a grove planted in 1898. ‘This production is expressed 
as percentages of a packed box calculated from the number of fruits of the different sizes contained in 
a box. The percentage of most desirable sizes is also stated, and the production on the acre basis is 
shown and its value calculated from the actual returns received for the fruit from this grove during the 
6-year period. 


The advisability of eliminating from established orchards trees having 
an alternate-season habit of production will depend on the amount 
of this production over a period of several years. If the production 
of the Alternate-Bearing trees is such as to be profitable, there is 
some question as to the desirability of top-working old established 
trees of this strain. If, however, the production of these Alternate- 
Bearing trees is unprofitable, there is no question but that they should 
either be removed and replaced by young trees of the Marsh strain, 
or, preferably, top-worked with buds selected from heavy bearing 
trees of the Marsh strain. Such trees, however, should never be 
used as parent trees from which to take propagating wood, no matter 
what their aggregate production may be. 
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Trees of the Bell, Rough, and Unproductive strains are all undesir- 
able from the commercial standpoint, and should be eliminated in 
bearing orchards and avoided for propagation, except perhaps for 
purely experimental purposes. Fortunately, there are but few trees 
of these strains in most of the established California orchards of the 
Marsh variety, so that their elimination is a comparatively simple 
and inexpensive matter. 

It is probable that by means of individual-tree records in bearing 
orchards covering two years most of the trees of inferior strains can 
be located, so that they can be top-worked with select buds of the 
Marsh strain. 
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Fic. 14.—Average number of fruits of the various commercial sizes produced annually during the 6-year 
period, 1910 to 1915, inclusive, by the five highest and the five lowest yielding trees of Marsh grapefruit 
in the investigational performance-record plat B in a grove planted in the fall of 1903. This production 
is expressed as percentages of a packed box calculated from the number of fruits of the different sizes 
contained in a box. The percentage of most desirable sizes is also stated, and the production on the 
acre basis is shown and its value calculated from the actualreturns received for the fruit from this grove 
during the 6-year period. 


THE UNINTENTIONAL PROPAGATION OF UNDESIRABLE STRAINS. 


The trees of undesirable strains in established orchards have been 
propagated unintentionally through a lack of careful selection of 
bud wood. Heretofore, all trees of the variety have been con- 
sidered to be equally good for propagation, and little or no selection 
of trees or bud wood has been practiced. 

As an illustration of this condition, the experience of the senior 
writer in 1910, in the first grapefruit orchard selected for individual- 
tree performance-record work, may be cited. In this orchard, as 
soon as the owner found that the seedy fruits were mainly borne by 
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‘certain trees he decided to top-work those trees with select buds 
from trees of the Marsh strain. The senior writer was asked to select 
several desirable trees of this strain as sources of bud wood. Five 
trees were selected for this purpose and the bud wood was cut by 
men haying had long experience in securing bud wood for propaga- 
tion. After several hours’ work one of these men approached the 
senior writer, who was working in the investigational performance- 
record plat near by, and said that they had been unable to obtain 
enough bud wood from the five trees originally selected for this 
purpose. He explained that, in order to secure an adequate supply, 
they had cut some bud wood from a neighboring tree. He was 
asked whether they had examined any of the fruits from this sixth 
tree, and he replied, ‘‘No, we never cut any fruits, but the tree looks 
just as good as the other five trees.” 

A doubt as to whether or not the additional tree was a desirable one 
led to an inspection of its fruits. The first fruit cut was found to con- 
tain more than 100 seeds. The production of this tree was low and 
the fruits of very inferior quality. Further examination showed that 
this tree was a typical representative of the Seedy strain, the very 
strain, infact, which the workmen were preparing to eliminate by 
top-working. Inasmuch as the bud wood from the seedless and the 
seedy trees had been mixed together in the bundle of bud sticks, it 
was necessary to secure an entirely new lot of buds from other trees 
of the Marsh strain. It is interesting to note that the 118 trees of 
the Seedy strain top-worked in that orchard at that time have now 
all come into fruiting, and without exception the fruits borne by the 
growth from the buds of the Marsh strain are all commercially seedless 
and have the valuable characteristics of the fruits borne by the trees 
from which the buds were taken. 

It can easily be seen from this experience how trees of the undesir- 
able strains in established orchards of Marsh grapefruit have been 
unintentionally propagated under the old system of cutting bud wood. 
This experience also offers effective evidence of the need of great 
care in bud selection, which can be most accurately accomplished 
through the use of individual-tree performance records and definite 
tree knowledge. 


THE ISOLATION OF STRAINS THROUGH BUD SELECTION. 


The results of the propagation work in these investigations have 
proved beyond a reasonable doubt that the Marsh strain of grape- 
fruit can be established and maintained through the careful selec- 
tion of bud wood from select trees of the Marsh strain. In the 
course of these investigations many propagations have been made 
from select Marsh strain trees. Several commercial orchards have 
been propagated in this way. So far as these trees have come into 
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fruiting they have all proved to be of the Marsh strain. In other: 
words, an improved Marsh strain has been isolated and established 
and brought into fruiting. The trees of this improved strain are 
very uniform and their production is of the best grade and quality. 
Variation within the strain has been reduced through bud selection 
and from the commercial standpoint it has been eliminated. Doubt- 
less further improvement in this strain can be effected through 
further bud selection in succeeding bud generations, and experiments 
of this character are now under way. The most important step, 
however, the establishment of a superior strain, has been effected. 
Owing to a lack of opportunity, no attempt has yet been made to 
isolate an inferior strain, except in the case of the seedy strains. 
A limited propagation of this commercially worthless strain has been 
made experimentally and has shown that it, too, can be isolated and 
established by the selection of buds from trees persistently bearing 
fruits of this character. There is every reason to believe that the 
other strains can be similarly established, and in an experimental 
way this work is now being done. Such propagations are of no 
commercial value except that they further illustrate and demonstrate 
the importance of careful bud selection in the propagation of the 
variety. 

Owing to the fact that the commercial grapefruit industry in Cali- 
fornia is still in its infancy, the careful selection of buds from trees of 
the Marsh strain for all future propagations will likely result, through- 
out the State as a whole, in the development of trees of a uniform 
character and the production of crops of proved quality and value, 
an achievement unequaled in the history of any other citrus variety 
now grown commercially. 


TOP-WORKING UNDESIRABLE TREES. 


Healthy trees of undesirable strains can be successfully top-worked 
and replaced by the valuable Marsh strain through the use of buds. 
selected from trees of that strain. This operation has been success- 
fully performed on trees 12 years old. Doubtless older trees can be 
as successfully top-worked by the use of similar methods. 

The selection of trees of the Seedy, Bell, and Rough strains for 
rebudding can usually be based on an inspection of the fruits. In 
the case of trees of the Alternate-Bearing and the Unproductive 
strains their selection should be based on performance records for 
two or more seasons, preferably an even number. 

Two or more of the main limbs of the trees to be top-worked 
should be used as foundations for the new trees. All branches 
interfering with the work of budding should be cut away. The select 
buds should be inserted in the limbs, two or more in each, about 12 
inches from the trunk of the tree. After the buds have united with 
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the limbs in which they were inserted the limbs should be cut off 
about 6 inches above the buds, and the cut surfaces should be coated 
with grafting wax. The tree trunks and all portions of the limbs 
left after the tops have been removed should be coated heavily with 
whitewash or other protective material, in order to prevent possible 
injuries due to sunburn and exposure. 

From time to time all growth except that from the select buds 
should be carefully removed; otherwise portions of the new tree 
heads will be made up of sprouts from the old limbs. In some cases 
the tender growth from the select buds may be attacked by insect 
pests, in which event the insects must be promptly killed or removed. 
It is a good plan to protect this growth during its first exposure to 
winter weather by means of bundles of grass, cornstalks, or other 
suitable material. 

After one season’s growth of the select buds the stubs of the origi- 
nal limbs should be cut off just above the buds, making the cuts 
oblique in order to facilitate their healmg. The cut surface should 
be covered with grafting wax or some other. protective material, in 
order to prevent decay and promote the healing of the wound. 

Careful attention should be given the rebudded trees for the first 
two or three years, in order to protect the new growth from undesir- 
ableconditions. After that such trees will require no attention or care 
other than that given the remainder of the trees in the orchard. 


THE SELECTION OF BUD WOOD. 


Bud wood for use in top-working trees of undesirable strains, or for 
other propagation work, should be taken from the most productive, 
regular-bearing trees of the Marsh strain. These trees should be 
selected on the basis of their performance records and the character 
and appearance of the individual trees. Fruit-bearing bud wood, 
viz, that bearing typical fruits of the kind desired, an illustration of 
which is shown in Plate XI, should be used exclusively for propaga- 
tion purposes. 

The bud wood should be packed in moist moss or other suitable ma- 
terial immediately after cutting, in order to preserve the buds in a 
fresh, viable condition until they are used. If the bud wood is to 
be kept for some time, it should be packed and held in a uniform, cool 
temperature. 

Vigorous-growing, nonbearing bud wood, or that commonly known 
as sucker wood, has been, until recently, highly prized and commonly 
used for propagation purposes. Under that practice more bud wood 
was, of course, cut from trees having the most suckers than from the 
trees having the fewest suckers. It has been determined in these in- 
vestigations that the trees producing the most sucker growth usually 
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are of an undesirable strain; hence, the use of sucker wood for bud 
wood is probably directly responsible for much of the propagation of 
trees of inferior strains of the Marsh grapefruit. . 


SUMMARY. 


The grapefruit industry in California, while of comparatively small 
commercial importance at present, is growing rapidly and seems 
likely to become an important factor in the citrus production of the 
State. Many of the varieties of grapefruit first planted in California 
proved to be of inferior commercial value. The success of the in- 
dustry began with the introduction of the Marsh variety. 

The Marsh variety originated at Lakeland, Fla., and was named 
and introduced there by Mr. C. M. Marsh, of that place, about 1895. 
Previous to this date, in 1890, before the variety had become estab- 
lished in Florida, it was introduced into California by Twogood & 
Cutter, of Riverside. 

Bud variations in the trees of the Marsh variety of grapefruit are 
of frequent occurrence, and are a great commercial handicap to the 
growers and consumers. 

Six strains arising from bud variations have been found during 
these investigations up to the present time. 

The most valuable commercial fruits and those of the best quality — 
are produced by trees of the Marsh strain. This strain only should 
be propagated for commercial purposes. 

The undesirable strains which are found in commercial plantations 
heretofore have been propagated unintentionally through a lack of 
care in bud selection. 

The Marsh strain can be established and maintained and variation 
within the strain reduced to a minimum through bud selection based 
on individual-tree performance records. 

Healthy trees of undesirable strains can be successfully top-worked © 
by using select buds from trees of the Marsh strain. 

Only fruit-bearing bud wood should be used for propagation, and 
it should be selected from the most productive and otherwise most 
desirable trees. A practical method for locating such trees in com- 
mercial orchards is presented by the United States Department of 
Agriculture in Farmers’ Bulletin 794, entitled ‘“Citrus-Fruit Im- 
provement: How to Secure and Use Tree-Performance Records.” 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCGURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 


20 CENTS PER COPY 
V 


UNITED STATES DEPARTMENT OF a COLTVES 


y, BULLETIN No. 698 


"WS 
FA 


Contribution from the Bureau of Plant Industry 
WM. A. TAYLOR, Chief 


Washington, D. C. PROFESSIONAL PAPER October 31, 1918 


GRAIN-SORGHUM EXPERIMENTS IN THE 
PANHANDLE OF TEXAS. 
By CarLeton R. Batt, Cerealist in Charge, and BENTON E. Roruces, Scientific 


Assistant in Charge of Grain-Sorghum and Broom-Corn Investigations, Office of Cereal 
Investigations. 


CONTENTS. 
Page. Page 

PPO TC LOM ern cee es eens ease ese: 1 | The grain sorghums—Continued. 

Bhorpamhiandion = fos ei oie! el 2 Experimental conditions. ............... 20 
NOC At ONerer sae aes heehee he Soe 2 Varietal experiments.......... ahead Seals 25 
Altitude and drainage-...........-....-- 4 The milo-durra group--.-...........- 26 
FSCO be a pie eee a na 4 Therkafirsroups ssa: se) essa 53 
ClimapielCOnditlOnSee!=22 5.22522. -es.6 4 The kaoliang group.-........,..--..- 74 
Recent agricultural history. ......-..-.-- 16 ‘Theishallkeroupeeese sae. 86 
The cereal field stations...............-.. 16 Comparative yields ofallthe groups.° 87 

Bhe sraimiSOrenwIMsS): «secs 2dsceccs =< <2 2-2 fen MCONCIUSIONS Poe ve ay ree oe cea er arree oe 89 
ClASSINCA OM erates es scicle os ea ise tees oo: 17 : 

INTRODUCTION. 


The agricultural development of the district known as the Pan- 
handle of Texas is an interesting study. It is the story of four 
suceessive stages—free range, fenced range, attempts at grain farm- 
ing, and finally mixed farming. In this last stage stock raising is 
again the basis, and the chief crops are those that furnish feed. 
Chief of all such crops are the sorghums, especially the grain- 
producing varieties. 

The whole history of the grain sorghums has been a history of 
their ecology. Any experimental study of these crops must be a 
study of their response to environing conditions. The southern half 
of the Great Plains area, which properly may be called the grain- 
sorghum belt, is a section where crop production is governed almost 
entirely by the quantity and distribution of the annual precipitation. 

The sorghums are able to produce under conditions of less moisture 
and its more uneven distribution than are other crops; hence their 
extensive use. An understanding of how the different groups and 
varieties respond to the varying seasonal conditions is necessary to 
a further increase in their usefulness. To show this response, it is 
necessary to present climatic data much more completely than is 
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usual in bulletins of this kind; hence the large space allotted to such 
data and their discussion in the present bulletin. It accounts also 
for the inclusion in the tables of more agronomic data than often is 
given in a presentation of the results of varietal experiments. 

The Office of Cereal Investigations began its experiments with 
these crops in the Panhandle in 1904. These experiments were 
conducted for three years at Channing, Tex., on the X I T Ranch. 
Tn 1906, work was begun at Amarillo, Tex. where it is still in progress. 
Plat px penmients were first feeoloped on a large scale in 1908. This 
bulletin presents the results obtained in the 9-year period from 1908 
to 1916, inclusive. 

_ The experimental data include only the results of varietal experi- 
ments. A report of the experiments on spacing or rate of seeding 
and on date of seeding will be reserved for later publication. Among 
the agronomic data shown are the row space per plant and per stalk, 
the duration of the various stages of the growing period, the pro- 
duction of suckers, the percentage of erect heads in the milos, the 
height of the plants, and the yield in bushels per acre. For certain 
varieties and in certain years there are shown also the percentages, 
by weight, of heads in the total crop and of seed in the total crop and 
in the heads. 

The data obtained have been used as a basis for the statements 
made in numerous popular and scientific publications, in which, 
however, none of the detailed plat data were published. A brief 
summary of the experimental results was given by Ross and Leidigh 


in the bulletin cited. 
THE PANHANDLE. 


LOCATION. 

The Panhandle strictly is that part of northwestern Texas which 
extends northward from the main body of the State. In common 
practice, however, this term is applied to a much larger portion of 
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western Texas, including the so-called “‘Staked Plains.” The word 
is here used in the broader sense. Figure 1 is a sketch map of this 
district. No definite eastern or southern boundary for the Pan- 
handle has ever been fixed. The eastern boundary is generally held 
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Hic. 1.—Sketch map of the Panhandle section of Texas and the surrounding country. The Panhandle 
section as discussed in this bu letin is indicated by the shaded boundary. 

to be the escarpment locally known as the “cap rock,” which roughly 

approximates the line of the 2,000-foot contour. The results given 

herein are applicable to all this district, including small portions of 

adjacent New Mexico and Oklahoma. 
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ALTITUDE AND DRAINAGE. 


Most of this district is a high and nearly level table-land with 
an average altitude of about 4,000 feet and with a rather uniform 
slope to the east and southeast. The highest elevation reached is 
about 4,800 feet in the extreme northwest, while the southeastern 
border has an altitude of only 1,500 to 2,000 feet. The eastern rim > 
of the high plains is a rough, broken strip where the cap rock is being 
worn through and erosion is rather rapid. Still farther east, below 
the cap rock, the surface is rolling. 

Drainage is eastward through the tributaries of several rivers, 
among them being, from north to south, the Cimarron, Canadian, 
Red, Pease, Brazos, and Colorado. In the high plains, above the 
cap rock, these streams tend to form canyons, the most notable 
being that of the Red River from Canyon, in Randall County, east- 


ward for about 60 miles. 
SOIL. 


The soils vary in type from a light sand in some parts to a heavy 
clay or adobe in others, with clay soils predominating. The sandy 
soil is covered with bunch grasses, while the heavier soils are covered 
with a turf of buffalo, blue grama, and curly mesquite grasses. 
These soils are all quite fertile, to judge from their power to produce 
crops when there is sufficient moisture. They are, however, deficient 
in humus because of the scanty growth of the native vegetation. 
The absence of sufficient humus in the soil lessens its capacity to 
absorb and retain the moisture which falls upon it. It also leaves 
the soil in a condition to become puddled by heavy rains and to 
bake readily thereafter. 

CLIMATIC CONDITIONS. 


The United States Weather Bureau has maintaimed a weather 
station at Amarillo, Tex., in the heart of the Panhandle, since 1892. 
There are disconnected records from two Army posts covering an 
earlier period. ‘The data herein considered are all from Amarillo or 
from the near-by cereal field station. 

The principal climatic features which influence crop production in 
the Panhandle are (1) a limited annual precipitation of irregular 
seasonal distribution, with a great loss of water due to run-off during 
torrential summer storms; (2) a relatively low atmospheric hu- . 
midity; (3) a high average wind velocity; (4) a wide daily range of 
temperature, or hot summer days followed by cool nights; and (5) 
a very high rate of evaporation. 


PRECIPITATION. 


Moisture is the limiting factor in crop production in most of the 
Panhandle. Precipitation is the primary and most important 
factor mm the moisture problem. 
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MONTHLY AND ANNUAL PRECIPITATION. 


In Table I are shown the monthly, the annual, and the mean 
annual precipitation, in inches, at Amarillo, Tex., during the 25- 
year period from 1892 to 1916, inclusive. The monthly precipita- 
tion and the departure from the normal will be found in Table IV. 
The mean annual precipitation at Amarillo during this 25-year 
period is seen to be 21 inches, more than three-fourths of which 
falls during the growing season for grain sorghums, the six months 
from April to September, inclusive. 


Taste I.—Monthly and annual precipitation at Amarillo, Tex., during the 25-year 
period from 1892 to 1916, inclusive. 


‘Data (in inches) furnished by the observer of the United States Weather Bureau at Amarillo, Tex. 
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WB ean as TP aya 59 | 1.76 | 1.41 | 2.32] 1.80] .61]} 4.19 81] 1.98 | 2.84] 18.97) 20.98 
NOAA es 06} .01 15| .95| 4.43] .84] 3.07] 2.97] 1.07 | 4.46 1.17} 19.18] 20.89 
MOTD eyes SS 72) 1.60 | 1.00 | 5.05} 1.70 | 1.04 | 4.14 | 5.85 | 4.69 | 1.55 18} .13 | 27.65) 21.18 
EOIG) S222 36} .02 57 | 1.71] .89]} 2.18 94 | 3.82 | 1.76 | 2.90 40 | .88]| 16.43] 20.99 

Average..| .46| .88] .53 | 1.827 3.09 | 2.53 | 3.11 | 2.90 | 2.23 | 1.55] 1.06] .84] 20.99 |....... 


A study of Table I shows, among other things, that there is a 
wide fluctuation in the annual precipitation, which comes mostly in 
the form of rain. For example, in 1910 it was 11.1 inches, while in 
1905 it was 32.3 inches, or almost three times as much. ‘The next 
lowest record is 14.3 inches, in 1912, and the next highest 27.7 inches, 
in 1915. 

Interesting figures in the table are those which apparently show 
periodical recurrence in precipitation. The records begin only. in 
1892. In the first 3 years the annual precipitation was low, the 
highest being only 17.2 inches. The mean for these 3 years is only | 
16.2 inches. Then follows a period of 12 years, 1895 to 1906, inclu- 
sive, in which the annual precipitation is high. In this period it 
drops below 20 inches but once, in 1897. On the other hand, it once 
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exceeds 30 inches, in 1905, when the total precipitation was 32.3 
inches.. The mean annual precipitation in this 12-year period is 24.1 
inches. The third and final period covers the 10 years from 1907 to 
1916, inclusive. Here, again, the annual precipitation has been com- 
paratively low. Only twice in these years has it exceeded 20 inches. 
The lowest record is 11.2 inches, in 1910, and the highest 27.7 inches, 
in 1915. The mean annual precipitation in the period is 18.7 inches. 
Of course, these records cover far too short a period in which to 
prove the occurrence of cycles in rainfall or other climatic factors. 


DISTRIBUTION OF DAILY AND MONTHLY RAINFALL. 


The figures representing the total annual or seasonal precipitation 
may easily be misleading, especially to a person who is not familiar 
with this section of the country. This is due to the irregular distri- 
bution of summer rainfall in time and extent, to the varying quan- 
tities deposited by different showers, and to the manner in which it 
falls. The nature and distribution of the rainfall will be better under- 
stood by a study of the data in Table II, containing the records of 
daily precipitation, with monthly totals, throughout the 10 years 
from 1907 to 1916, inclusive. The monthly precipitation and its 
departure from the normal are summarized in Table IV. 


Taste Il.—Daily and monthly precipitation at Amarillo, Tex., during the 10-year 
period from 1907 to 1916, inclusive. 


[Data (in inches) furnished by the observer of the United States Weather Bureau at Amarillo, Tex. 
ih == WiRee.| 


Date. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. 
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Taste II.—Daily and monthly precipitation at Amarillo, Tex., during the 10-year 
period from 1907 to 1916, inclusive—Continued. 


Date. Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec. 


se atieeed 
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TaBLeE II.—Daily and monthly precipitation at Amarillo, Tex., during the 10-year 


Date. 


1910—Contd. 
11 


period from 1907 to 1916, 


inclusive—Continued. 


Jan. Apr. | May. 


AVA See nec 
0.26 | 0.26 
oe - 03 

-O1 


June. | July. | Aug. | Sept. | Oct. 


Dec. 
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Taste II.-—Daily and monthly precipitation at Amarillo, Tex., during the 10-year 
period from 1907 to 1916, inclusive—Continued. 


Date. Jan. | Feb. | Mar. |. Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. 


1912—Contd. 
23 
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TasLe II.—Daily and monthly precipitation at Amaritlo, Tex., during the 10-year 
period from 1907 to 1916, inclusive—Continued. 


Date. Jan. | Feb. | Mar. | Apr. | May. | June. } July. | Aug. | Sept. | Oct. | Nov. | Dec. 


Total....| .72] 1.60] 1.00] 5.05] 1.70] 1.04) 4.14] 5.85] 4.69) 1.55 -18 5 1} 


In most of the years during which these experiments have been 
continued the annual precipitation has been sufficient in quantity 
for the production of good crops of grain sorghums. In several of 
these years, however, good crops have not been obtained. The 
varying degrees of failure have been correlated in some measure with 
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unfavorable distribution of the large and important seasonal rainfall. 

Figure 2 shows in graphic form the annual and seasonal rainfall 
(April to September, inclusive) during the 10-year period from 1907 
to 1916, inclusive. 

Unfavorable distribution may occur in various ways. Much or 
most of the seasonal rainfall may come near the beginning or toward 
the end of the growing season. While the total quantity may have 
been about normal, protracted drought may have occurred during 
some part of the year. The occurrence of spring droughts in 1907 
and 1909 is shown in Table II. In these years no effective rains fell 
until the middle of June. The same conditions prevailed to a lesser 
extent in 1913s while the autumn also was unusually dry. 

In the second case, a considerable rainfall may come all at the 
beginning of one month and again at the end of the following month. 
Several weeks of drought may have intervened between two rainy 
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Fic. 2.—Diagram showing the seasonal (April to September) and annual precipitation, in inches, at Ama- 
rillo, Tex., during the 10-year period from 1907 to 1916, inclusive. 


periods, although the total precipitation in each of the two months 
was about normal. A study of the daily precipitation record of the 
years 1911, 1912, and 1913 in Table II will illustrate this condition. 
In 1911 there was no effective rain between July 21 and August 22, 
though the rainfall in both months was good. In 1912 there was no 
effective rainfall between June 11 and July 17, and in 1913 from June 
12 to July 25, although the total precipitation in each of these months 
except the last was spin actory in quantity. 

A third condition occurs in which a rainfall may be evenly dis- 
tributed in point of time and about normal in quantity and yet be 
deficient for crop production. This is when it occurs in the form of 
light showers which do not penetrate the soil and are soon evaporated. 
Several showers of about a quarter inch each may add no water to 
the soil if followed by drying winds and bright sunshine, which cause 
rapid evaporation. Such showers are then of little or no value to the 
growing crop. The months of June, July, and August, 1912, and 
June, 1913, are examples of this condition, as may be seen in Table II. 
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LOCAL VARIATION IN. PRECIPITATION. 


Much of the summer rainfall is derived from storms which are very 
local in extent. In a single storm period a series of heavy showers 
may occur at about the same time in the same district but covering 
different localities and leaving intervening stretches almost unwatered. 

The variation in the rainfall at two near-by points is illustrated in 
Table III. This table compares the rainfall measured at the United 
States Weather Bureau observatory in the town of Amarillo with 
that recorded at the Amarillo Cereal Field Station during seven sum- 
mer months in the years 1909 and 1914. The distance between the 
two points of observation is about 24 miles. 


Taste III.—Comparison of the rainfall, in inches, at the United States Weather Bureau 
observatory and at the Amarillo Cereal Field Station during the seven months from 
March to September, inclusive, in 1909 and 1914. 


Station. Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Total. 
Season of 1909: 
United States Weather ureat Bie fond gaia Ul 1.28} 0.50] 1.08) 4.72) 38.63) 0.87 | 2.19] 14.27 
Cereal fieldstation = 2222 25225.2 22-2222! 1.08 5 Bit 1.13 5.90 | 2.19 1.39 1.90 13. 86 
Season of 1914: 4 
United States Weather Bureau......._.-- 5 Liss ‘ 4.43 -84] 3.07} 2.97] 1.07] 13.48 
Cerealificldtstations se eee eee eee eee ~02) 1. 2 3. 83 -65 | 1.90) 2.52] 1.10] 11.29 


These local rains frequently last but a short time, but are of a 
torrential nature. This often results in a loss of much water by run- 
off. Such beating rains also puddle the surface soil and cause much 


damage in that way. 
Humooiry. 


The atmospheric humidity is low, on the average. This no doubt 
plays an important part in influencing transpiration from growing 
crops. 
WIND. 

Monthly data on wind are shown with other climatic data in Table 
TV. The average hourly wind velocity in the 10 years from 1907 to 
1916, inclusive, is 11.8 miles. During the 4-year period from 1907 
to 1910, inclusive, there was an average of 14 days in each year in 
which a wind velocity of over 40 miles an hour was recorded. The 
maximum, 63 miles, occurred on March 24, 1909. During the 6-year 
period from 1911 to 1916, inclusive, the data show merely the max- 
imum hourly velocity recorded during the month and no longer the 
number of days haying high wind velocities. The maximum, 46 
miles an hour, occurred in February and April, 1911, and im April, 
1915. Such high winds often cause great damage to the crops 
either by covering up the young plants, by cutting them off by moving 
particles of soil, or by blowing down the crop when it is almost or 
quite mature. 
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TasBLe 1V.— Monthly climatic data, covering temperature, precipitation, aspect of sky, 
and wind movement, recorded at the observatory of the United States Weather Bureau, 


Amarillo, tien: , during the 10-year period from 1907 to 1916, inclusive. 


Year and month. 


| Mean. 


OO Or ST ST ST SI Or Or Or > Or 


ICICI) Cal) RISEN Ce ro ee) 


oo 
AH NWWOLOMDOEPAD WDOLPWOWMOMUIUIMD COPOPOOMNMSDORDS wWwriomoraow ornmt be 00 


WWROWOMDODWN 


SAINI Or Orb CO 


74. 


oo 
i 
ar 


3 Precipitation Aspect of : 
Temperature (° F.). (inches). sky (days). Wind. 

s Maxi 3 S ; = 
xi- ae: : Sa 
ue) Tue Minimum. a = 3 2 q 5 
8 E es 8 ie : 3 68 

Hs 2 Baits q Hep a= iS 
q 3 g |g 5 i) : a es) 
es |. 3 etl late S Spal Vision eh 
Ben) a 2 ee | Sen ie ee 8) es 

* 5 a . ~~ co 5 ca o 
Bee 250 | cer lames aS) “EOI Ness emi ell | Sica oe 

5) rb) 3 3) o a {s) 3) q 2& a | S 4 iS) Oo 

ia) eq A ea | (a | GS is A @ WS ey Sy yp eh =| > 
Miles. |Days 
+10.5 74 5 15 25 46 | 1.11 |+0.42 | 0.9 | 15 | 12 4 Ss. 9, 467 0 
+ 8.6 74 8 di 3 42 24 |— .63 .6 | 21 4 3 Ss. 7, 789 1 
+11.8 96 19 20 1 46 .02 |— .18 | 0 25 4 2 Ss. 10, 039 2 
— 2.0} 90 10 |; 23) 30) 55) 1.25!— .45) 83]18)| 8 4 Ss. 10, 313 2 
== G8) 90 17 26 4 40 -99 |—2.19 | 0 20 8 3 | NW.| 10; 260 1 
— .4] 104 29 44 1 44 | 1.97 |—1.02 | 0 21 7 2 Ss. 9, 585 1 
— .l 99 24 55 1 36 | 1.49 |—1.68 | 0 21 9 1 Ss. 9, 606 2 
+ 1.7) 97 WA Bey | Bal 35 | 6.20 |+3.39 | 0 16 | 11 4 Ss. 9,019 1 
+ 3:1] 91 7 | 42) 28) 38 -91 |—1.45 | 0 eS Ose Ss 8, 503 1 
+ 1.5 86 2 35 8 57 | 1.79 |+ .80] 0 10 | 12 9 Ss. 8, 196 if 
— .5 74 6 16 12 38 -66 |— .50 | 4.0 | 14 9 7 S. 6, 725 0 
Hae 71 1 12 18 BY 4) Meche SSS ath at aus oly Ss Ss. 9,773 1 
+ 4.9} 70 9 7 16 | 44) .26 |— .35 -4/18)10) 3 Ss. 10, 222 2 
+ 3.2 77 28 4 1 43 .72 |\— .20 |} 6.0 | 17 | 10 2/NW.| 9,318 4 
+ 7.2] 86 17 20 9 48 a =) 365 ah |] 283 6 2 Ss. 9, 363 2 
+ 1.1 80 14 29 2 38 | 1.90 |+ .18] 0 20 9 1 Ss. 9, 093 2 
— .8 91 19 34 7 43 | 3.55 |— .12 | 0 28 1 2)SW. ile 050. 1 
+ 1.3 96 21 52 2 36 | 1.73 |—1. 26 | 0 27 3 0 Ss. ili O11 2 
— 3.3 96 11 55 7 31 | 5.40 |+2.23 | 0 16) 13 2 S. 8 460 0 
— .l 97 10 58 8 33 | 2.75 |— .60 | 0 22 9 0 s. 7, 891 0 
— wl 97 6 36 28 35 | 1.83 |— .53 | 0 22 7. 1 Ss. 7, 209 0 
+ .6 86 15 28 27 43 -40 |—1.31 | 1.0 | 27 4 0) Ss. 9, 812 2 
+ 1.5 78 17 11 14 46 -ol |— .65] 1.3 | 24 2 4|NW.| 7,067 1 
+ 4.8 72 16 18 19 41/0 — .83 | 0 25 4 2 Ss. 8,337 0 
+ 7.1 80 8 3 12 63 .10 |— .53 6 | 26 4 1 Ss. 10, 167 2 
+ 4.4 72 12 3) 14 tafe) . 28 |— .60 aN || 6 0 Ss. 10, 264 4 
— .1 80 22 14 12 45 | 1.28 |+ .63 |12.5 | 21 8 2|NW 9, 542 2 
— 1.6 89 17 26 1 45 -50 |—1. 26 | 1.6 | 24 5 il Ss. 10, 794 4 
— 1.8 93 28 27 il 45 | 1.08 |—2.59 | 0 21 9 1 Ss. 9, 663 4 
+ 1.5 99 6 52 3 od | (4.72 |--1-73 | 0 183} is) 2 Ss. 9, 003 2 
+ 1.8 96 11 62 1 30 | 3.63 |+ .46 | 0 15 | 16 0 Ss. 8, 270 0 
+ 3.4 | 102 WN Gx 25 | 35 .87 |—1.94 | 0 1) ae 2S: 7, 599 0 
+ 1.7 95 2 45 23 40 | 2.19 |— .17 | 0 19 | 11 1 S. if, 906 0 
+ 1.8 88 16 29 12 44) 1.18 |— .53 | 0 20 7 4 Ss. 9, 619 2 
+ 6.6 85 6 26 16 45 | 3.25 |+2.09 | 6.2 | 16 7 7 Ss. 8, 456 0 
— 56.4] 75] 31 3 19} 40) .54|— .29) 5.3) 15/10} 6] N. 7,878 0 
+ 5.7 76 1 9 5 40 05 |— .55 Bey || 10) ) alls) 6 | SW.| 8,483 0 
— 1.6 76 14 |— 4 17 44 217 \— 271 1 1.7) 15 9 4] N. 8, 981 0 
+11.0 87 25 Sul 10 48 .34 »— .31] 0 24 7 0 Ss. 9, 183 4 
+ 3.9 94 29 30 5 43 -o9 |—1.13 | 1.1 | 22 5 3 /NW.| 9,578 1 
— 2.7 95 10 38 3 39 | 2.99 |— .68 | 0 10 | 15 GulaaNe 9, 294 0 
+ 3.9 | 103 2 50 il 40 .66 |—2.33 | 0 aks I} U5) 0 Ss. 9, 629 0 
+ 3.4 | 100 8 58 1 37 | 3.57 |+ .40 | 0 15 | 16 0 Ss. 8, 330 1 
+1.7/ 99} 28} 49] 26} 386] 2.19 |— .62/]0 18 | 13 OP Se al coal 1 
+ 6.1 | 101 11 46 27 44 .05 |—2.31 | 0 16 | 14 0 Ss. 8, 694 0 
+ 4.3 94 4 28 28 45 -26 |—1.45 | 1.6 | 23 i 1 Ss. 8, 306 0 
+ 5.0 82 12 24 30 39 28 |— .88 | 2.7 | 23 6 1 Ss. 7, 642 0 
+ 3.4) 73 9 16| 30) 42) T. |— .83|.7T./15]12) 4] S. 8, 155 0 
+11.7 82 31 j— 6 3 44 -13 |— .47 -5 | 14 | 16 1|SW.| 9,309 35 
+1.4| 77 1 7| 22) 387 | 2.88 |4+2.00}] 7.3 | 18) 5 5 | SE. 8, 370 46 
+ 6.4 | 83 9))| 21 1 42) .50/— .15]| 0 20) On Ol S: 9, 272 43 
= py at oY a 4 1) 7 | 42) 2.76 |+1.04 | 0 16 | 11 3 Ss. 9, 732 46 
ae 1a) OP 9} 36 1|/ 39 | 5.88 |+2.21 | 0 15 | 14 2) SE. | 11,140 36 
+ 5.0 | 105 25 59 4 35 .20 |—2.79 | 0 21 9 0 | SE. 8, 544 39 
— .7)| 96 5} 54] 25} 29 | 3.85 |+ .68 | 0 7 WA) | & || She 7, 160 33 
+ 1.2 | 102 6| 54] 28) 88} 2.97 |+ .16] 0 18) 11 2) SE. 7,711 30 
+ 7.5) 95 5 | 54 19 |} 36 - 83 |—1.53 } 0 16 | 138 1 S. 7,076 33 
+.1.0 91 1 26 28 45 84 |— .87 | 3.1] 18 8 5 Ss. 8,363 44 
— 2.2 75 75 16 5 29 .94 |— .22}] 8.2} 10 7 3)SW.| 9,651 54 
— 6.3! 63 4 (Qe sil 33 95 I+ .12'9.0°18! 8! 5° SW.! 6,792 31 

In 


1911, maximum velocity (miles) recorded during the month, 
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TasLeE 1V.— Monthly climatic data, covering temperature, precipitation, aspect of sky, 
and wind movement, recorded at the observatory of the United States Weather Bureau, 
Amarillo, Tex., during the 10-year period from 1907 to 1916, inclusive—Continued. 


° Precipitation Aspect of : 
Temperature (° F.). (inches). sky (days). Wind. 
>) * =O ° ina) 
qa Maxi- one >) q . { ~ 
; = mum, |Minimum.) S J 8 3 
ir q gs g = 6 respi 
~~ . A o oO: 
S| ox Bb on J BS 2 | &% 
iS) as | ag Zz = g 
g oO | s q g =} BS = 
3 =a) : = i mies | aes S 2 A aq 
q =ie| ity) tote) a sq = Ss > 52 | 3) Bw 
Ss . + = ‘4 B= 3 2 vie =) & o |) ee = | q 
5 Bie bl eee al eae SG Semel gti ea ieh iets (cis oo] Ss 
eo o 5) Co) 3 o 3 = o oO q 2 3 |S 4 ic} S 
al =) | S ee || (\ Hee (A) || is ia) nan }/O;/A|O}] A =) = 
1912: Miles. 
Janeeees 31.2 |— 2.7] 75} 26 |—11 6| 50] T. |—0.60) T. | 18/18] O| N. 8, 234 37 
Hebusas2 35.6 |— 1.6 | 72) 18 6 4} 33 | 1.94 |+1.06 |16.3 | 17} 8| 4|NW.] 7,910 44 
Maraaeee 39.2 |— 5.8] 81 19 13) .20| 57 -82 |+ .17| 3.5 | 14] 10}] 7) N. | 10,047 39 
Apr Bees 54. 6 0 89} 30) 31 2) 39] .72|—1.00} T. | 20| 9] 1)SW.} 10,030 45 
May -| 66.6 |4+ 2.3] 95 | 24] 38] 14] 38] 1.67 |—2.00] 0 21 8} 2);SW 9, 077 40 
June....| 70.4 |— 1.6] 95] 30] 41] 18] 39] 1.90 |—1.09 | 0 18} 11] 1|)/SW 7, 788 31 
July.. 79.2 |+ 3.1] 99] 30] 60} 16} 33) 1.88 |—1.29 | 0 21);10) 0)}SW 8, 585 38 
JNU oe 76.4 /+ 1.8] 97] 26] 55 9} 32] 2.28 |— .53 | 0 21; 9) 1|SW 8, 416 40 
Sept....| 64.6 |— 3.1] 92 2| 36) 26] 35] 2.28 |— .08| 0 15)13] 2|SW 8, 573 40 
Oct zee. 58.2 |-+ 2.1 83 4] 28! 22) 40 39 |—1.32 ! 0.6 | 21 9} 1)SW 8,377 32 
INOWecose 46.9 {+ 3.1] 78{ 10} 13) 27} 42 02 |—-1.14[ 0.2] 23) 6} 1| SW 8,917 42 
rope eos 33.6 |— 2.8 | 66] 14 9} 24] 40) 1.80 |4+ .35 /11.4|) 24} 5] 2}SW 8,316 37 
13: 
Jan’. ..--| 35.0) 1.1 67 | 29 |— 2 7| 38 -11 |— .49] 1.1] 21 | 10} O })SW. | 10, 427 38 
He basi: 3%.6 |— 5.7] 71 18 8 8 | 43 -55 |— .33 | 5.1) 14] 10] 4|]NE 6, 553 27 
Mar..... 43.3 |— 1.7]. 80} 30] 10] 24] 44] .59 |— .06} 5.4|] 22) 9] 0) SW. |} 10,973 44 
Apr..... 56.2 |+ 1.6] 87] 17} 28 4] 43] 1.76 |+ .04] 1.4] 26); 3] 1)|SW.| 10,022 39 
May -| 68.2 |+ 3.9} 94] 29] 44) 15] 39] 1.41 |—2.26] 0 26; 4] 1 Ss. 9,355 34 
June....| 70.2 |— 1.8] 93 2} ol 10 | 34] 2.32 |— .67]|0 WAN Sl) Bh 6 8, 476 32 
July -| 78.7 |+ 2.6 | 101 14} 58] 21 34 | 1.80 |—1.37 | 0 26) to Onise 9, 493 36 
INDE. osc 80.0 |+ 5.4] 99 9} 61 2| 33 -61 |—2.20 | 0 DAE \ ZEN OI iS 7, 490 30 
Sept. 64.8 |— 2.9 | 94 7| 38} 28] 38 | 4.19 |4+1.83 | 0 18} 6} 6] S. 7,349 38 
Octee. 55.2 /— .9|] 85] 14] 24] 29} 46 .81 |— .90| .7| 22} 9] 0| SW.| 8,492 44 
INOW eacec 50.3 |+ 6.5} 79] 19] 32 8 | 39] 1.98 |+ .82] 0 18} 6] 6|SW.| 8,558 40 
yas aaeee 33.2 |— 3.2] 54] 11 4} 23} 35 | 2.84 |42.01 [12.1)/17| 7) 7| N 6,945 37 
14: 1 
Janae 45.4 |+ 9.8] 82] 27) 20] 30] 38 06 |— .5 oh | 283 ooze Tk) NAY 7, 446 42 
Hebse2e- 38.2 /4+ 1.0] 77) 17 |/—1 6) 57 10 |— .8 -8| 21) 5] 2|SW 7, 225 36 
Marae 47.3 |+ 2.3] 82} 15| 14] 20| 47 15 |— .5 1.4] 22) 8) 1|SW 7, 349 37 
Apr Ss 56.0 |+ 1.4] 88] 21 20 8] 41 95 |j— .8 | 1.8) 15 | 13 2) SW. | 9,827 40 
May....- 63.2 |— 1.1] 95] 10] 42] 12} 36) 4.43 |+ .8 | 0 15) 13] 3 8, 416 37 
June....| 76.2 |+ 4.2] 99) 26] 57 LZ | 133 84 |—2.2 | 0 24} 6] 0} SW. | 10,429 40 
diilbyese5)| 706 FS ow) Ore Sib @o 2} 307) 3.07 |— -1 | 0 19;12}] 0/] S 6, 023 40 
DNS 75.6 |+ 1.0] 94) 31 BY |) S433) (ABs AACYh ES 592 10) 19 | 11 1 s 6, 559 31 
Sept.. 72.8 |+ 5.1] .98 6| 49] 28] 33 | 1.07 |-1.3 | 0 PAL Oa) Oy fs) 7,938 40 
Ocha 58.0 |+ 1.9} 86] 17] 30] 27] 411] 4.46 |4+2.8 | 0 1 ee 8,184 30 
Nov....- 50.4 |+ 6.6 | 76 14] 23 17} 40] T. |-1.2 |0 26} 4] 0/SW 6, 069 28 
Mec. sac: 30.4 |— 6.0} 62] 18] 10] 21] 36)1.17 |4+ .3 | 0 ig} |p dat 7|SW 7, 450 35 
1915: 
Janeeees| 34.0 |+ 0.1 | 64) 14 9} 22) 50 TPB | EG OP ve OSS. | CEO) 40 
Hebe seer 41.4 |+ 4.2 | 76 107} (20°) 28°} 945 | 1560) |4552 7) 95912016 |) 2) | NIW=)|) 85179 44 
Mar... 37.2 |— 7.8; 78 | 24 17) 21) 47) 1.00 (+ .4 | 8.1] 14/12) 5] N. } 8180 40 
INV ass 57.0 |+ 2.4] 88} 28] 29 1| 38} 5.05 |4+3.3 | 1.7 } 13) 11} 6 Ss. 7, 997 46 
May....| 61.5 |— 2.8 | 92} 25) 30 7| 41} 1.70 |—2.0 |-..-- 21.|.5} 5) S: 9, 263 44 
June....|.72.4|)+ .4| 103 | 20} 42 fol edt L045) 2) OF o Sane 1 Bs Bo) Ss 8, 841 37 
July. . a AO) lero |) £02) ) il 52 5 | 32] 4.14 |41.0 |-..-- 15a ON EROM nse 8, 893 44 
AIS tee 71.4 |— 3.2] 95 4} 48} 30] 32) 5.85 /+3.0 |-..-- 20) 8] 3 Ss. 6, 232 27 
Sept.. 68.8 }+ 1.1) 94] 10} 47] 30} 33 | 4.69 |4+2.3 |....- 231) 4am mace 7, 860 33 
O@heccue | 59.0 |+ 2.9) 83) ~ 2 Be Zor l) SO) Leook|— ee 2h, eee ae | 28; 3] 0|SW.| 7,735 30 
INovesee | 49.5 |+ 5.7 | 82} 5] 20) 14) 45 18 |—1.0 | 1.8} 28) 0} 2| SW 9,070 42 
Deceaee- P4052) 1415 35811) 173) | 922 8} 28) 42 13 |— .7 22/22) 5) 4) W 8, 275 40 
35.2/+1.3| 7] 9] 1] 13 55] .36/—:2 |25)14] 9) 8|SW.| 8,740] 36 
43.5 -|+ 6.3 | 81 iil 9 1| 54] .02)|/— .9 .2) 24] 5] 0| NE 7,022 32 
53.7 |+ 8.7 | 87 13 | 16 3 | 46 SEY > ctl 450 O43 |e Ba aL aan, 9, 687 40 
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TEMPERATURE. 


The daily range in temperature is large, but not excessive. In 
yeneral, the days in summer are warm to hot and the nights nearly 
always cool. Owing to the altitude (3,600 feet) the summer tem- 
peratures are not as high as might be expected from the southern 
ocation. On the other hand, winter temperatures are not as low 
is might be expected from the elevation. 

The data on maximum, mean, and minimum temperatures and 
sreatest daily range, by months, in the 10 years from 1907 to 1916, 
nclusive, are given in Table IV, which also contains data on precip- 
tation, the aspect of the sky, and the movement of the wind. 
The lowest recorded temperature in the period covered by these rec- 
rds was —11° F. on January 6, 1912, and the highest 105° F. on 
June 25, 1911. The average date of the last spring frost is April 
[9 and that of the first fall frost October 30, leaving an average frost- 
tee period of 194 days. 

EVAPORATION. 

The loss of moisture by evaporation in the Panhandle district is 
very great. The chief factors concerned are precipitation, wind, 
und temperature. The maximum evaporation naturally occurs, 
therefore, in periods of high temperatures and strong winds. 

Table V contains a comparison of monthly precipitation and 
svaporation records made at the Amarillo Cereal Field Station! during 
she six months from March to September in the 10-year period from 
[907 to 1916, inclusive. The evaporation measured is from the free 
water surface of a tank 8 feet in diameter. During this period, the 
svaporation was nearly four times as great as the precipitation 
luring the same period. In 1909 a maximum of 0.69 of an inch was 
svaporated from this tank in 24 hours. These data show contrib- 
iting causes for certain crop results in various years. 


fasLeE V.— Monthly, seasonal, and 10-year monthly average precipitation and evapora- 
tion, in inches, at the Amarillo Cereal Field Station, during the siz months from April 
to September, wnclusive, for the 10-year period from 1907 to 1916, inclusive. 


= 


April. May. June. July. August. | September. See 
Year. aE RE 

| | 
Prec. | Evap. | Prec. | Evap.| Prec.| Evap. eal Evap.| Prec.) Evap.| Prec.) Evap.| Prec.) Evap. 

} > | 
907 . - 1.3 6.4 | 1.1 8.1 )—-2.2) 9:6} 1:5) 10:7 | 6.2 9.4] 1.0 7.9 | 13.3 52.1 
908 _. 1.9 Wed) 3-4 9.3] 1.7 | 10.4] 4.6 8.1] 3.4 8.6] 1.5 6.3 | 16.5 50.5 
909. . -3 ele el ae O-0) |) 3.9) LON. | eee som eel OsOs | 12 4 Beret Alo) 8.4 | 12.8 56.5 
910. 73 8.5 | 2.6 8200-155: 2250) | 2G 222) 2.5 8.8 -1 9.1} 9.8 58.6 
911. 3.9 eA 6.71) 10: 1 -4} 11.5) 5.9 aoe) 225 8.9} 1.3 7.3 | 20-7 52.7 
912. -8 Teil AG 9.9] 2.3 9.0} 2.5] 10.9] 1.5 9.5 | 2.3 6.5 | 11.0 52.9 
913. fell TTA e EYE 9.8] 2.3 (et eee oe i oO Oke | adA6 5.9 | 13.2 53.4 
914. 1.3 6.7 | 3.8 Gadi of AON ele 8.7 | 2.5 8.9 | 1.1 8.0 | 11.3 49.1 
915. . 4.3 4.6] 2.0 6.9] 1.2 8.8 | 3.7 9.3] 4.6 7.3 | 4.9 6.0 | 21.2 42.9 
916... 1.8 6.0 -9} 10-3) 2.7) 10-7) 2-2) 11.7) 3.4} 10.2) 2.2 7.7 | 12.2 56.6 
Av.| 1.8 03 en 25 8.9} 2.1 D592 eesion | Oe 2.9 9.2|-2.2| -7.4| 14.2 52.5 

: 


_) The precipitation and evaporation data given in Table V were obtained at the Amarillo Cereal Field 
station in cooperation with the Office of Biophysical Investigations and the Office of Dry-Land Agriculture 
af the Bureau of Plant Industry, U.S. Department of Agriculture. 
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RECENT AGRICULTURAL HISTORY. 


Not more than 15 or 20 years ago the Panhandle was occupied 
by immense cattle ranches, used only for grazing purposes. The 
dense growth of short but nutritious grasses, chiefly buffalo grass and 
blue grama, furnished both winter and summer pasturage for count- 
less numbers of beef cattle, which had no other feed from weaning 
time to marketing. Under this system from 15 to 40 acres of grazing 
land were required for each animal, depending on the nature of the 
grass cover, the character of the season, and the time of year. 

Between 1890 and 1900, conditions in the stock-ranch industry 
became unsatisfactory and a change began. Overstocking the 
range had resulted in heavy losses during seasons of drought and dur- 
ing severe winters. A call for feeding crops suited to the Plains was 
coming from the ranchers. The demand for new, cheap lands for 
homes and crop production was increasing. The large ranches were 
being divided and portions sold for farms. This process is still going 
on throughout the range country. 

Most of the settlers came from the more humid States of the 
Mississippi Valley area, where conditions are almost entirely different. 
Some of them brought the proceeds of high-priced lands and invested 
heavily; others came with only meager equipment and financial 
resources. Few of them had knowledge:of the crop varieties or 
cropping methods most likely to be successful under the rigorous 
conditions prevailing on the high, dry plains. Most of them came 
expecting to grow the crops they had previously grown in more humid 
sections. An increasing demand for information came from new 
settlers who wanted suitable field crops and from ranchmen who 
wanted feeding crops. 


THE CEREAL FIELD STATIONS. 


In response to the mcreasing demand for information on dry-land_ 
crops, experimental work was begun by the Office of Cereal Investiga- 
tions in 1903. Experiments were conducted for three years at 
Channing, Tex., on the X IT Ranch. In 1906 the work was trans- 
ferred to Amarillo, Tex., where it has since been conducted. The 
work there was started on farm No. 1, situated 1 mile southwest of 
the town. In 1910 it was transferred to farm No. 2, which lies 
about 2 miles northeast of the town. 

Amarillo is located in what is known on the Plains as ‘‘tight”’ land, 
a dark, clay loam, bearing a close turf of buffalo and grama grasses. 
The average rainfall is about 21 inches annually. This location is 
fairly representative of a considerable part of the Panhandle. The 
results obtamed there are applicable to most of the Panhandle and 
to small adjacent portions of New Mexico and Oklahoma, 
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THE GRAIN SORGHUMS. 


The grain sorghums consist of several very distinct groups of varie- 
ties. Different groups and varieties react differently to environ- 
mental conditions and therefore give different results. To understand 
these results it is necessary to know the characters by which the 
groups and varieties differ from each other. For this purpose a 
glance is taken first at the relationship of the grain sorghums to 
other sorghums. Keys to the groups of grain sorghums and brief 
descriptions of them are inserted next, and finally keys and descrip- 
tions covering the varieties in each group are presented. 


CLASSIFICATION! 


The different sorghums grown in this country may be arranged 
in a general way in four agronomic divisions, as noted below. 

(1) Grain sorghums, which include such well-known groups as kafir, durra and 
milo, and kaoliang, and also less commonly grown groups, such as shallu, etc. 

(2) Sorgo, or forage sorghum, known also as sweet or saccharine sorghum, and 
improperly called ‘‘cane” or “‘sugar cane.’’ This group includes such well-known 
varieties as Amber, Orange, and Sumac, as well as many others not so widely grown. 

(3) Broom corn, which includes two rather distinct varieties, Standard and Dwarf. 

(4) Hay sorghums, which include Johnson, Sudan, and Tunis grasses. 


This bulletin is concerned only with the grain-producing sorghums. 
Figure 3 shows representative kernels of the most important varie- 
ties. The groups of the grain-sorghum section may be separated 
by the following key: 

Spikelets broadly obovate, 4.5 to 6 mm. wide; seeds large, lenticular, 
flattened; panicle oval-ovate, short branched, compact.........-.-..-- DURRA-MILO. 


Spikelets oval or narrowly obovate, 2 to 4 mm. wide; seeds midsized 
to small, ovoid, scarcely flattened. 


Stems stout, somewhat juicy; internodes short; leaves 12 to 15, 


snardessnally dark OTCen . 2. <iareteeees sf. ase ete aioe lead Karir. 
Stems slender, dry; internodes longer; leaves 7 to 10, narrower and 
lighter green: 
Panicle compressed; glumes tightly appressed to the brown or 
REECE CCUG epi: oc... be eS oa ce aS jo te KAOLIANG. 
Panicle conical, loose; glumes spreading, exposing yellowish 
Wilhe SGU esos ese anaes ceo sre see sc deemeedecoseoe so0sonKe SHALLU. 


Tur Durra-Mino GRouP. 


This group includes White and Brown durra, feterita, and White 
and Yellow milo. It is characterized by slender to midstout, dry, 
pithy stems, 0.8 to 2 meters tall, bearing 7 to 10 rather small leaves; 
panicles short, broad, ovate or oval, short branched, compact; 


1 Classification studies in sorghums were made by the senior writer during the period of 1903 to 1906, 
inclusive. All obtainable domestic varieties and several hundred foreign varieties and strains were grown 
and studied. Acknowledgment of valued cooperation in this work is made to Director W. R. Dodson, 
of the Louisiana Experiment Station, to former Director A, M, Soule, of the Tennessee Agricultural 
Experiment Station, and to their assistants. 
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spikelets broadly obovate, 4.5 to 6 mm. wide; seeds broadly obovate 
to lenticular, 4 to 6 mm. in diameter, rather strongly flattened. The 
| varieties of this group may be separated by the following key: 


Glumes greenish white, densely pubescent, not transversely wrinkled; 


seeds muirchtilattened sss au 1 eee) eh ey ene eee nite ae ey oath a DuRRA. 
Seeds white; lemmas awned....- (ooh sO Rs oe Bee en White durra. 
Seeds brown; lemmas not awned....-......--.------ Brown durra. 


Glumes dark brown to black, thinly pubescent to 
glabrate, transversely wrinkled; seeds less flattened. 
Panicles narrowly oval, always erect; lemmas not 
awned: seeds chalky, or) bluish whites 225-22 -ee ees 2e4- + -pee eee e FETERITA. 
Panicles broadly oval or ovate, inclined to pendent; 
lemmas awned; seeds white or brown..........--------+------------ Mio. 
Seeds wihttte suis oo a ee ee dee ee White milo 
_ Seeds brown. 
Stems 1.2) to) 2 meters highw essa s2 sss ee eo Milo. 
Stems 0.8 to 1.3 meters high...............- Dwarf milo. 


Fig. 3.—Seeds of nine varieties of grain sorghums, representing all the different groups: A, Milo; B, 
Alba milo; C,feterita; D, White durra; #, Durra-kafir hybrid (No. 198-7-3); F, Blackhull kafir; 
G, Red kafir; H, Mukden (white) kaoliang; 7, Manchu (brown) kaoliang. (All natural size.) 
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Tue Karin GROUP. 


The kafir varieties are known by their stout, stocky, semijuicy 
stems, with short internodes and overlapping sheaths; leaves 11 to 
16, broad; panicles erect, cylindrical, linear or narrowly to broadly 
oblong, heavy; spikelets obovate, 2.5 to 4 mm. wide; glumes much 
shorter than the seed; lemmas not awned. 

The six varieties grown in this country may be distinguished by 
the following key: 


Seeds white. 


Glumes black. 
Stalks 1.5 to 2.4 meters tall. 
Maite, abe sss os eos ao, id cia, aie Blackhull kafir. 
Matmenmovmidearly:. oe aee ee see. ae ee Sunrise kafir. 
Stalks 0.9 to 1.3 meters tall; maturing midearly. Dawn (Dwarf Blackhull) oe 
Guisite Se) yeah es Ae a ee ai) mee en White kajir. 
Seeds pink. 
SINEOS) OW, BEL See me RMU et 51 uae a .-Pink kafir. 
Seeds red. 
CMUMICR DIAC Kater jason ieee as toes qe een eee oe Red kafir. 


THE KaoLiaANG GROUP. 


Stems slender, dry, pithy, 0.8 to 3 meters tall; leaves 8 to 11, 
small, narrow; panicle variable, mostly narrowly oval to oblong or 
clavate; spikelets obovate or oval, 2.5 to 3.3 mm. wide; lemmas 
always cyan seeds: oval, often safer white or various shades 
of brown. 

A large number of varieties of (eden have been grown in 
adaptation and classification studies. Most of these have been dis- 
carded, however, and it is not necessary to classify and separate them 
here. ) 

Only one of these varieties has become established as a farm crop. 
This variety, the Manchu (Cereal Investigations Nos. 171 and 328), 
is now grown to some extent in South Dakota, and its use there seems 
to be increasing. It is a very early maturing variety, of medium 
height, 1.2 to 2.1 meters tall, with a narrowly oval, semicompact 
panicle 8 to 10 inches long, black glumes, and dark-brown seeds. 
The varietal name, Acro, has recently been given by the South 
Dakota Agricultural Experiment Station to a selection of the Manchu 
variety. 

THE SHALLU GROUP. 

Only one variety of the shallu group is found in the United States, 
and it apparently has little or no value for dry-land conditions. 
It grows from 1.5 to 2.4 meters tall, has slender, dry stems bearing 
11 to 15 leaves of medium size, and large, loose, conical, pale-yellow 
panicles, 2 to4dm. long. The glumes are yellowish and at maturity 
spread wide apart and the edges become inrolled, completely exposing 
the small, oval, pale-buff seed. 
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EXPERIMENTAL CONDITIONS. 


In order that the experimental results may be properly inier- 
preted, descriptions of the methods of obtaining data and of the 
environing conditions prevailing in each season are given here. 


MetHops EMPLoyeD. 


The size and arrangement of plats, the method and rate of seeding, 
the date when the crop was sown each year, the rotation of crops 
on the experimental area, and the methods of obtains certain data 
are explained in the following paragraphs. 


SIZE AND ARRANGEMENT OF PLATS. 


The plats used in these experiments were 8 rods long by 2 rods 
wide, containing a tenth of an acre each. These plats were laid out 
in blocks of 10. Each block was bordered on all four sides by a road 
19.2 feet wide. Each plat, therefore, had a road at each end, and 
the first and tenth plats in each group or block had a road on one 
side. A guard row usually is placed between the first and tenth 
plats and the adjacent roads. 

In the experiments with small grains, definite lle are left 
between plats, to prevent mixing and to facilitate the handling of 
the crop. Since the grain sorghums are sown in widely spaced rows 
no alleys were needed for these purposes, and usually none were - 
left. The regular 42-inch space between rows served as an alley. 
In 1910, however, 5-foot alleys were left between the plats, thus 
giving the crop thereon the benefit of 9 inches of extra space on each 
side of the plat. 

Hach plat contained 10 rows, 132 feet long and 42 inches apart. 
Usually each variety occupied 10 rows, or a tenth of an acre. Some- 
times, however, fewer than 10 rows were sown. In 1914 all varieties 
were sown on 5-row or twentieth-acre plats. In sowing the varieties 
the rows were made longer than 132 feet. When the plants were 
15 to 20 inches (4 to 5 dm.) in height, the ends of the rows were 
trimmed to the proper limits. 


METHOD AND RATE OF SEEDING. 


A 1-row corn drill, fitted with special sorghum plates, was used for 
sowing the crop until 1910. Since then a 2-row corn drill, fitted in 
the same manner, has been used. The plates for sowing milo and 
durra contain 18 holes, each three-sixteenths of an inch in diameter. 
For kafir the plates have 16 holes, each five thirty-seconds of aninch ~ 
in diameter, and for kaoliang 25 holes the same size as for kafir. The — 
feed was run on high gear, which drops at intervals of 6.4, 7.2, and — 
4.6 inches, respectively, with plates bored as stated above. 

It was the intention to have only one kernel dropped at a time, but 
in many cases two and sometimes three kernels were dropped because 
of the thickness of the plates and the varying size of the kernels. 
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DATES WHEN THE CROPS WERE SOWN. 


In 1908 the Blackhull and Red Kafir varieties were sown on May 
20 and 21; the other varieties between May 27 and 30. In 1909, 
seeding began on May 25 and ended on June 2, while in 1910 the 
beginning was on May 24 and the end on May 28. In 1911 the 
sowing occupied June 3 to 8, inclusive. In 1912 and 1913 these 
crops were sown during the eight days from May 20 to 27, inclusive, 
while in 1914 sowing was condensed into the 3-day period, May 23 to 25. 
In the last two years only two days have been required to sow all 
varieties. The sowing was done in 1915 on May 24 and 25 and in 
1916 on May 25 and 26. 


ROTATIONS ON THE EXPERIMENTAL AREA. 


Owing to the lack of land and the shifting of the location from 
one farm to another in 1910 it was not possible to establish a regular 
rotation on the experimental plats. In 1908 most of the varieties 
were sown on sod land which had been broken during the previous 
fall and winter. In 1909 the varieties were scattered over the farm 
on various blocks which had been cropped to Guibeterns small grains 
the year before. 

In 1910 the crops were sown on land broken late in the autumn of 
1909 and in January, 1910. The milos and durras and part of the 
brown-seeded kaoliangs, including Manchu and Valley, were sown on 
the later breaking. This did not contain as much moisture as the 
fall breaking and the crops on it showed the difference to some extent. 

In 1911 all varieties except the Blackhull kafirs and the durra-kafir 
hybrids were sown on sod broken during. the previous fall and winter, 
The two groups named above were on land which had borne a 
crop of small grain in 1910. In the last five years, 1912 to 1916, 
inclusive, the grain-sorghum varieties have followed small grains in 


all cases. 
METHODS OF OBTAINING DATA. 


The data on plant space and stalk space and on the occurrence of 
suckers and erect heads have been obtained by actual counts of the 
plants, stalks, and heads in all the rows of each plat for which such 
data are given. The percentage of suckers is the difference between 
the number of stalks and the number of plants, divided by the 
number of stalks. It is thus a percentage of the total number of 
stalks in the plat and not a percentage of the number of plants. 

The growing period as given here is the total time elapsing from 
seeding until the grain is ripe. The vegetative period is the first and 
larger portion of the growing period from seeding until the heads 
have appeared. If heading is progressing slowly and unevenly the 
growing period is counted as ending when 50 per cent of the stalks 
have headed. The ripening period is the complement of the vege- 
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tative period and covers the time elapsing between heading and 
ripening. 

The height of the plants is the average of measurements made at 
several, usually 10, points in the plats. 

The varieties are all harvested with a corn binder, leaving a stubble 
varying in height from 5 to about 8 inches (1 to 2 dm.), depending on 
the height of the standing plants. The bundles are shocked in the 
field and allowed to cure for four to six weeks before being thrashed. 
The shocks are then hauled to the scales and weighed. 

The heads are cut from the bundles by means of a large knife 
fastened to the edge of a box. Very dwarf strains are not headed, 
but are thrashed in the bundle unless the weight of the heads is 
desired. Since the stalks often are not of uniform height, the piece 
of the peduncle or stem left attached to the heads also varies in 
length. In general it averages about 10 to 12 inches (2.5 to 3 dm.) 
long. Where it is desired to determine the proportion of heads in 
the total crop, the heads are weighed before thrashing and the per- 
centage computed. 

Thrashing has been done with a small separator. The thrashed 
seed is weighed as it comes from the separator and the acre yield 
computed therefrom. 

The yields are based on 60 pounds to the bushel of kafir and 58 
pounds of all other varieties. After weighing, the thrashed seed is 
run through a fanning mill and the bushel weight then determined 
with the standard tester. 


ENVIRONING CONDITIONS. 


To aid in an understanding of the results optained during the 
9-year period from 1908 to 1916, inclusive, a brief summary of 
seasonal conditions is given and their effects on crop growth and — 
production are noted. Figure 2 shows the annual and seasonal 
(April to September, inclusive) precipitation during the 10-year 
period from 1907 to 1916, inclusive. 

The season of 1908 was favorable to good yields. The precipita- 
tion in the last three months of 1907 was slightly above normal, but 
in the first three months of 1908 it was considerably below normal. 
This left little or no stored moisture at the end of March. However, 
the rainfall in April, May, and June was about normal and fully 
sufficient for plant growth. With arainfall of nearly 2 inches above 
normal in July and August, most of which fell in July, conditions 
were favorable for a heavy grain yield. Dwarf milo averaged over | 
41 bushels and Blackhull kafir a little less than 34 bushels per acre. 

The season of 1909 was variable and unfavorable. It consisted of 
a dry spring and a dry summer with a wet June intervening. Pre- 
cipitation in the winter of 1908-9 was decidedly below normal. The 
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rainfall in March was slightly above normal, but in April and May 
there was a deficit of 3.5 inches, which left the soil in a very dry 
condition. June and the first week in July were abnormally wet, 
inducing strong vegetative growth. From July 8 to the end of 
August the weather was intensely hot and dry. None of the crops 
were headed at the time the drought began. The effect of the 
sudden and severe drought occurring just at this critical stage was 
to prevent the development of heads on many of the plants, which 
resulted in low yields of grain. The average yield from the milos 
was only 6 bushels and from the Dwarf milo 11 bushels. The 
kafirs, being later, were not so near the critical heading stage when 
overtaken by drought and were better able to await. the fall rains. 
Their average yield was 12 bushels per acre. 

The year 1910 was the driest of the 18 years in which weather data 
had been recorded at Amarillo. The precipitation during the entire 
year amounted to only 11.1 inches, or about half of the normal for 
the 18-year period. Each month in the year was abnormally dry, 
although the scanty rainfall was fairly well distributed. All but 
2 inches fell in the four summer months from May to August, inclu- 
sive. However, there was no effective rainfall from May 21 until 
July 9. The latter half of July also was a period of intense drought, 
which was continued to the end of the season except for a 10-day 
period in early August. The droughts of July and August caught 
both early and late varieties in the critical heading stage and reduced 
the yields materially, those of the late varieties being most affected. 
The average acre yield from milo was 17.8 bushels, from Dwarf milo 
19 bushels, and from Dawn (dwarf) kafir, a later crop, only 8.9 
bushels. The still later standard kafirs were almost completely 
barren. 

The year 1911 was fairly favorable to grain sorghums. The winter 
of 1910-11 was very dry. There was neither rain nor snow of value 
until after the middle of February. In the next six weeks, however, 
the precipitation amounted to about 6 inches, which penetrated the 
soil to a depth of several feet. Almost 6 inches more had fallen by 
the end of May. On account of the soaked soil, planting was delayed 
until June 6. Although June was abnormally dry, the reserve stock 
of moisture was more than sufficient for crop needs. July was well 
watered, but a real drought occurred in the first three weeks of 
August. The average acre yields of all varieties and selections in 
the best adapted groups were as follows: Milo, 32.3 bushels; Dwarf 
milo, 37.6 bushels; feterita, 31.9 bushels; and Dawn kafir, 34.9 
bushels. 

The year 1912 was very dry, the total precipitation being only 14.3 
inches. The only rains of consequence were on February 25, June 
11, July 30, August 3 and 4, and September 11. This was a fair 
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distribution, but the scanty total and the long drought from June 11 
until the end of July reduced yields very much. The average acre 
yields produced by the leading groups were as follows: Milo, 19 
bushels; Dwarf milo, 22.6 bushels; feterita, 24.5 bushels; and Dawn 
kafir, 9.6 bushels. The standard kafirs averaged less than half as 
much as the Dawn. 

The precipitation of 1913 was only 2 inches below normal and 
therefore should have been sufficient for the production of good 
crops. Owing to its very uneven distribution, however, the grain- 
sorghum crops were almost complete failures. The table of daily 
precipitation (p. 9) shows that the early summer was dry, that 
most of the showers of June were too small in quantity to be effec- 
tive, and that in the three months from June 12 to September 10 
only one effective precipitation occurred, namely, that of July 25-28, 
inclusive. Only the plants at the ends of the rows were able to 
develop heads under these conditions. The rain of September 10-11 
came too late to revive the others, and no yields were obtained. 

The year 1914 returned about a half crop. The winter of 1913-14 
was unusually wet in its first half and abnormally dry in its second 
half. January, February, and March, 1914, were ‘bone’ dry. April 
brought only light showers. The rainfall of May was above normal, 
but the temperatures at sowing time were low, and rather poor 
germination resulted. June was remarkably dry, and the scattered 
rains of the first wéek in. July relieved the suffering plants but 
temporarily. The drought of the remainder of July cut down the 
number of heads that were able to emerge, but the rains of early 
August were sufficient to mature these in spite of the subsequent 
drought. The average acre yields of the leading groups were as 
follows: Milo, 11 bushels; Dwarf milo, 26.9 bushels; feterita, 18.5 
bushels; and Dawn kafir, 14.7 bushels. . 

In general, the seasonal conditions in 1915 were good. The total — 
precipitation recorded at the cereal field station was 25.1 inches, 
while that recorded by the Weather Bureau observer in town was 
27.6 inches, a difference of 2.5 inches. Either quantity is sufficient 
for the growth of these crops, and the distribution was such that 
growth was not interrupted at any time. While the rainfall in both 
May and June was below normal, that of April was much above, and 
the distribution in the two dry months was good. The three suc- 
ceeding months were abnormally wet. The combined result was the 
highest yields that have ever been obtained at the Amarillo Cereal 
Field Station. The average acre yield of all lots of milo was 61.4 
bushels; of Dwarf milo, 68.4 bushels; of feterita, 46.9 bushels; of — 
Blackhull kafir, 51.9 bushels; and of Dawn kafir, 53.3 bushels. 

The season of 1916 was very dry and unfavorable to the grain 
sorghums. The total precipitation recorded at the field station was 
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only 16.6 inches, or about 5 inches below normal. While April and 
June had fair quantities of rain, there was really only one effective 
rain in each of the four months from April to July, inclusive, and none 
between June 4 and July 29. The good rains of August did not 
begin until the 20th, after which there was drought again. It is not 
surprising, therefore, that low yields were obtained. The average 
acre yields of the leading groups were as follows: Milo, 7 bushels; 
Dwarf milo, 8.6 bushels; feterita, 12.2 bushels; and Dawn kafir, 
3.7 bushels. Standard kafir failed to mature. 


VARIETAL EXPERIMENTS. 


The objects of the experiments reported herein were to determine 
the adaptation and value of the different groups and the best varieties 
in each group. Studies on the best methods of growing the crop were 
also made, but the results will appear elsewhere. 

Preliminary experiments with two or three varieties had been con- 
ducted at Channing, Tex., from 1904 to 1906, inclusive. At Amarillo 
the work was begun in 1906 by Mr. A. H. Leidigh, in charge of the 
work with cereals at the Amarillo Cereal Field Station. Three varie- 
ties were grown in field plats in 1906, with acre yields as follows: 
Blackhull kafir, 44.4 bushels; Red kafir, 42.9 bushels; and shallu, 
26.1 bushels. In 1907 only two varieties were grown in plats, milo 
yielding 23.9 bushels and Blackhull kafir 18.9 bushels. Experiments 
in methods of tillage, rates of seeding, and the improvement of varie- 
ties were begun also by Mr. Leidigh. 

In 1907 the senior writer began active direction of the experi- 
mental work with these crops, and the comprehensive series of 
varietal and other tests here recorded was planned for the year 1908. 
The junior writer has been associated in the investigations since 
July, 1909, and has been acting in charge of the experiments since 
1914, 

The results obtained from all the lots, selections, and races of all 
the varieties under experiment in any or all of the nine years from 
1908 to 1916, inclusive, are presented in the tables that follow. The 
importance of the ecologic study of the grain sorghums has been 
shown in the introduction to this bulletin. The same reasons which 
require a full presentation of the climatic factors require as well a 
presentation of all the agronomic data available, so far as they serve 
to show the comparative response of these crops to environing con- 
ditions each season. 

The data in the tables include not only the yields, therefore, but 
many other agronomic data as well. Among them are the average 
drill-row space occupied by each plant and each stalk; the length, in 
days, of the vegetative and fruiting periods and of the total growing 
period, the percentage of suckers, the height of the plants, and, in 
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the milos, the percentage of erect heads. Finally, in some cases, 
data are given covering the weight of the heads and of the total crop 
and the proportion by weight of the heads in the total crop and of 
seed in both heads and total crop. 

The different groups of varieties vary considerably in the size of 
the plants and in earliness and therefore in probable water require- 
ment. From a study of the tables it will be noted that they also 
vary greatly in their ability to produce from year to year under 
Panhandle conditions. In the first place, long-season or late-maturing 
varieties have ripening periods that fall after the warm weather 
conducive to rapid ripening is well past. Hence, early-maturing 
varieties are at an advantage. In the second place, in the frequent 
seasons when the water supply is deficient, dwarf and early varieties 
with water requirements which are comparatively low or of compara- 
tively short duration are best able to produce good yields. 

The tabulated data show clearly that such varieties as milo and 
Dwarf milo, which are both comparatively early and dwarf, nearly 
always outyield the larger and later kafirs. Among the kafirs them- 
selves the advantage is always with the earlier and dwarfer varieties. 


THe Mito-DuRRA GROUP. 


The two subgroups and the varieties included in each have been 
described previously and separated by means of a simple key. These 
plants are low to midtall, with midsized dry stems and only seven or 
eight leaves. The heads are broad and comparatively short, either 
erect or on more or less recurved peduncles. The seeds are either 
brown or white, broadly oval or sublenticular in outline, and more 
or less flattened. The group contains two out of the three com- 
mercially important varieties, namely, milo and Dwarf milo, the 
third being Blackbull kafir. 

All the varieties, except one or two of the milo hybrids, are early 
to midearly in maturing. The dry stems ripen with or before the 
seeds, and the leaves also become dry and often break off and blow 
away in windy weather. On the whole, the water requirements of 
the milos and durras are probably as low as those of any of the groups. 
Their earliness requires that the water supply be maintained during 
only a comparatively short period. ‘These adaptations give them 
the power to produce well even in somewhat unfavorable seasons. 
Their chief handicap is a tendency to produce recurved, or gooseneck, 
heads in all the varieties except feterita. 

The results obtained from the different varieties in this group are 
presented in Tables VI to XVIII, inclusive. In general, Dwarf milo 
is the best of all the varieties. Standard milo and feterita rank 
second, with White milo third. 


XN 
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TasLE VI.—Agronomic data for standard milo grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushelis rated at 58 pounds. ] 


Row space. | Length of period. Seed in— Yields per acre. 
= 
g ‘ 4 q 
Year andC. TI. Bp = Z S 3. 
No. 5 Boi | aeteeeyltaaes ® g S 
Reese ai ott cet al PSOBON Em et | rien a 5 ; 
a) i = S = 4 @ » mS F = oy 5 
=| = 2 a | a: 4 iS a) |S 3 re] 
sea a) lone als Siiees| (oh heels.) a6) ciiies 3 
Pampas ite loves) 9s capa 1) «Ee |e ieee tl sta a fy wD 
1908: Ins. | Ins. | Days.|Days.|Days.|Perct.|Perct.| Per ct.|Perct.|Perct.| Lbs. | Lbs. | Lbs. | Bus. 
OTe SA rs 8.6] 5.0 76 PAY | as) ea)! CUO ee ee oe aalleoosealeeoseaalle Chale 2,170 | 37.4 
BPN, BE i a Te ee 76 IS et OY Si hi 5 i || cles ELSPA Pats | Td io | ee 2,610} 45.0 
PPA fe ees ete B.0)  &. 5 76 291 HeslOSA BS SHOM tte 2ats4| (ets cra ferrets eevee a [acted 1,718 | 29.6 
ZR ss oe Ger ae 76 29) Wee 1 54 a eee | ee ls Vere oR a Sa Oy oe Ed 2 1,763} 30.4 
PEAS ie Bees ll.1} 5.5 76 ADH eeLO OM Ro OMe |e Geen | reer | epee [sees ararapeee me orate a IL O55) f° BB) 7 
FES ek oe oy Geese! eee 76 7M UE) WE Sain oellsd 506 Saabs sees no Sere bBo aeee eoeee 2,065 | 35.6 
ORAS Ors Neer 8.9] 4.8 76 PON AO5y |) 4.0) || Gib NESS Seciiss co cullsoqoce|locosedelaeelena 1,765} 30.4 
ORE acre ae 9.7] 5.1 74 Pe ~2 |) Gli GB} [aoe Seal eneecl acca aboseaellaceues 2,506 | 43.2 
Gey RSE Re sees 8.8] 4.9 76 PRS KOS) ALS GSD) eee see aston boaooellesos uel lsseene 2,320] 33.3 
JEL RES GEIL Gye | Aase ES OSS 243533) NWA = Seeliooecee|lsococd coos eee |seseee 2,097 | 35.4 
1909: 
Mae ee 13.2] 7.4 (PA Nese elle ee eBEO) esc eeaed seca GLA al eee 448 | 276 4.8 
OS 2 HOLS 14.1] 6.0 CAS EE eS ee SMAOM BO Maos| ee /a4| eee Ose) eee ae IL, Zet0) |) Oasys NG BS 
DA Miyata iS a | GS 7 Cai | erste ater Gh) 3) | EC eS Se5|oosaee Qos O) esoades 1,165] 780+) 13.5 
OA a ee TBO ee} (sty SoSH Gerace Geo) Geb Onl saaees| Combed [seacen ese leesectses ieee 1.8 
ORI Eee Saree 15.9} 7.9 SS q/ eee ea ee EOS MIMO SO ees cie)| ee eeepe Pm heey aI See De NC SAT re 8 1.4 
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2.5) Soe 11.6) 5.8 TOM ese ess| et ae 0 (0))|) CRG ees eeclieacore OUG Nesscoes 490 | 331 5.7 
ZB eee 8.7] 6.1 Us ease ees Piss |} Ges Ol Beene eres (Mol \essosce 635 | 430 7.4 
Pak ere earraa 6.2] 4.7 Ts (eee aaa espe O86 74) || S74) ieee eae) aoe (Nos Cf leobacee 750 | 500 8.6 
RO Seeate eich 11.4} 9.0 (WA easecelpeeses PALL) Oe Fi eeesosliosaoos (HoT Noses eee 103 63 ileal 
Average..| 12.4] 6.9 diy Bese oe SOM atau G63) eeeeee 6.0 
1910: 
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223-6 - 22-2 -15 32.3 | 11.9 79 33 -1 | 3,189 |2,012 |1,089} 18.8 
OA ase smeye 23,0 9 77 35 -6 | 3,443 }2,120 ]1,115 | 19.2 
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Be fee pic eich 30.1 | 10.1 79 30 -6 | 1,415 | 900} 455 7.8 
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B20 eee: 33.7 | 10.8 86 200) SLT ZH COSA a ifr at|)arsi. coo lcetetal rare eteealle eevereuatel [tararanat IG as) ay 
34s ae seme ay 44.0 | 13.0 86 PA avin srt ta} 1A 7KO) G5 41 Wi et Sal eh ae aL eS ee ee 865 14.9 
Ce SEB Eeae 58.7} 18.0 86 A) 1) OS. || GS eee lesa soclenaccollsecuaorieencee 480 8.3 
Bao we neta at: 20.0} 8.1 79 Biya | 1d Geb 7 |) G2. Wo leaeedallsosocd |aacoodlosaccedisesose 1,214} 20.9 
SORE eo ee 14.9} 6.6 76 hota (5 UN Gi Gl 7G Sleocees| Bucast||Gadeee lo doqsoe Gaacee 1,010} 17.4 
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BADE s ees. 16.0} 6.5 74 88 -4 | 5,529 3,195 2,091 | 34.3 
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Average..| 20.9 | 7.2 | 74.2 | 37.5 61.4 | 88.3 | 56.1 | 34.7 | 61.2 | 5,412 /3,043 1,878 | 32.3 
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TasLe VI.—Agronomic data for standard ‘milo grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive—Continued. 


Row space. | Length of period. Seed in— Yields per acre. 
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Average..| 7.4 | 3.9 | 82.4 | 31.6 114 | 46.8 | 95.8 | 404 7.0 


a Plants killed by drought at this stage. 
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MILO. 


The crop now grown commercially under the name of milo in the 
southern half of the Great Plains area is a descendant of the old milo, 
or “Giant milo,” which was the original grain-sorghum crop of 
Texas. It has been considerably improved by the writers through 
selection for lower stature, earliness, and more uniformly erect heads. 
The number of different lots and selections under experiment has 
varied from as many as 19 in the year 1911 to only 5 during each of 
the last three years. The different lots vary little among themselves, 
as will be seen by comparing their average performances in Tables” 
VI and VII. The total number of plats grown in the 9-year period 
was 107. Plats of milo and Dwarf milo are shown in figure 4. 

A study of Table VI will show that, under fairly favorable condi- 
tions, when acre yields run from 18 to 40 bushels, as in 1908 and 1910, 


Fie. 4.—Milo (right) and Dwarf milo (left) in plats at the Amarillo Cereal Field Station, August 30, 1911. 


the average vegetative period of milo covers about 75 days. Under 
varying seasonal conditions it has ranged from as few as 68 days, in 
1914, to as many as 82 days, in 1916. Drought occurring very early 
in the vegetative period results in slower growth and consequent pro- 
longation of this period. ‘This is seen in the seasons of 1910 and 1916. . 
The apparent shortening of the vegetative period in 1914 was due to 
the fact that only a few early heads appeared, further development 
being checked by drought. 

The ripening period of milo usually covers a little less than 30 
days, as in the fairly normal season of 1908. It was shortened to 
only 23 days by the droughty conditions prevailing in 1914, the year 
im which only a few heads were produced. The ripening period may 
be prolonged, however, by conditions favorable to good yields. In 
1911, for instance, the average duration of this period was 37.5 days, 
owing apparently to heavy rams just at the time of heading, as this 
was followed by dry and very hot weather throughout the ripening 
period. The average acre yield was 32.3 bushels. In 1915 the 
extremely prolonged ripening period of 44 days is correlated with 
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very cool, wet weather during the last three weeks of August, which 
was coincident with the first half of this period. The duration of the 
total growing period is about 105 to 110 days under Panhandle con- 
ditions. The shortest duration of the growing period was 91 days, 
in 1914, and the longest was 119 days, in 1915. The first was a dry 
season, marked by much reduced yields; the second a very wet 
- geason in which enormous yields were obtained. 

The average row space intended for each plant of milo under 
Panhandle conditions is about 6.5 inches. Approximately this spac- 
ing has been obtained three times in the 9-year period, in the 
years 1912, 1913, and 1916. In the four years, 1908, 1909, 1914, and 
1915, the spacing has varied between 9 and 16 inches, while in the 
other two years, 1910 and 1911, the stands obtained were very thin, 
the plants being 26.3 and 20.9 inches apart, respectively, in the two 
years. The average spacing of plants during the nine years has been 
13.7 inches. The stands vary somewhat with the conditions at sow- 
ing time. Hither a cold, wet spring or an extremely dry soil may 
reduce germination and consequent stand. Dry soil was the cause 
in 1910, but the exact cause in 1911 is not known, as the stands of 
Dwarf milo and Blackhull kafir were not markedly. reduced that 
year. 

The average stalk space is determmed by conditions occurring 
during the progress of the early vegetative period and influencing 
the production of suckers. The average space in inches per stalk 
varies less than the space per plant, which shows the adaptation of 
these plants to equalize stand by means of tillermg. The average 
stalk space in all plats in the nine years has been 5.7 inches, and 
only once has it appreciably exceeded 7 inches. This exception was 
in the year 1910, when the same drought that lowered germination 
also inhibited excessive tillering. The percentage of suckers in 
the total number of stalks varied from 37.3 in 1913, when a thick. 
stand was accompanied by a dry growing season, to 66.7 per cent 
in 1915, when a fairly thin stand and excessive moisture both con- 
duced to abundant tillermg. In five out of the nine years, more than 
half the total stalks were suckers. In three of these years the yields 
were below normal. In the 9-year period 52.3 per cent of the 
total number of stalks were suckers. It is a question whether the 
free tillering of milo is wholly an advantage. Were it less pronounced 
the crop probably could make better yields im seasons of deficient 
moisture. The average height of milo under conditions obtaiming in 
the Panhandle is about 4 feet. 

The average of erect heads in milo in eight years was 86.9 per 
cent. . Practically no heads were produced in 1913. The lowest 
average was 61 per cent, in 1908. In four of the eight years more 
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than 95 per cent of the heads were erect. The proportion of erect 
heads is influenced by the vigor of the plants at and after heading 
time. A low percentage of erect heads is correlated with good rains ~ 
in the first half of August m 1908 and 1910, but not in 1914, when 
a drought in July had weakened the plants too much to permit 
response to the improved conditions. 

Milo has made a very good average yield, 22.7 bushels of 58 
pounds each per acre, im the 9-year period under consideration. 
The average is based on the yields from no less than 107 plats in 
the nine years. Table VII contaims the annual and average acre 
yields of all lots grown. According to the figures in Tables VI and 
VII, the lowest average annual acre yields have been 0 in 1913, 6 
bushels in 1909, and 7 bushels n. 1916. The highest have been 61.4 
bushels in 1915, 35.4 in 1908, and 32.3 bushels in 1911. The nine 
annual yields may be classified as one failure, three poor, two fair, 
two good, and one excellent. This probably is not far from what 
may be expected to occur im any period of similar duration. The 
9-year average acre yields of the three lots grown durimg that 
period were 22.9, 22.4, and 20.5 bushels, respectively. 


TasLe VII.—Annual and average acre yields of all lots of standard milo grown at the 


Amarillo Cereal Field Station during periods of varying length in the nine years from 
1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Annual yields (bushels). Average yields. 


4 6 8 
years,|years,| years, 


x 2 9 years 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1910 | 1908 | 1909 g 
fe to a 1908 to 1916. 


1913. | 1913. | 1916. 


C.1. No. 


Bus. | Bus. | Bus. | Bus. | Cwt 
19:0 | 28.2 | 32.1 Onl S237 1 56228 (Gs Gr |e oNes | eee TIC Salt See |e 
18.8 | 24.4 | 23.6 Dl) TA GE VEG | 1G 77 |) yr) ONT) | OPAC Tees 
19.2 | 23.6 | 25.8 (0) pg paige | eo TSP) ASO) eee ae) (eee esl Re 
18.1 | 28.2 | 29.0 Oia | Sema ee TU SH5 op eee || ODER Sra SE 
| 
7.8 | 29.5 | 29.7 OF | epee (as eae HGS 7or | edict | sot ciate | eecraeore | te eee 
9.8 | 30.1 } 33.0 0 | 10.7 | 60.0} 6.6} 18.2} 17.8 | 19.2 | 20.5 11.0 
@17.6 |233.2 |@21.4}, 0] 14.8] 58.6] 6.9] 18.1 | 20.2] 19.8] 22.4] 13.2 
18.9 | 39.3 | 11.9 0| 8.4 | 67.6 aay lite Diam 4 see ee eleeoeel losaase 
19.4 | 30.8 | 16.4 0) hr eee el be TGR on een nl meee eee eee el [epee eee 
14.9 | 33.5 | 18.5 Ovlescsea Eeeeae Beecee IG 76 caked oeaeas SSaaseEseess 
8.3 | 33.7 | 20.9 Oe eres illest pe ae 3 5) 77a | Cae eed Pee | EO 
OE OS Ae os | eye | meee pereteamere. 5 (sect =| | yeenenen epreaeemme toate, sn eI PUES Se IU | eee 
17.4 | 38.4 | 15.7 (V2 ee ol eee ere Te TEAS CO REE snes (ae eee (Se ee ear cy 
Ze iNWeobso | do. L OR epe sale = eee 7 (Coa) eae Ieee Se [oa es eee 
29.1 | 36.4] 3.6 Os} /-2 cael eee Pde oe RSMo eal ee | eau wu ste 
DES AMIS 00: [irene | Semen | Riememres NEL, 7 Bier eR RY EE Ee Sy eee 2 aaah SL epod es 
Ae aie pene 35.9] 1.5 CO) thoes | Me METS TDP ESS Ol oe Sem Cae el eae 
[eee ve 33.5 | 5.0 Ona PICT? 12 ea ace [Eesha (a ee 
Average-| 35.4 6.0 | 17.8 | 32.3 | 19.0 () | Tits OA) HENAN ao salle ae petal tle Besar 
| | 


a Average of two plats. b Average of five plats. 
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DWARF MILO. 


Dwarf milo is essentially a dwarf form of the ordinary standard 
milo, differing chiefly in its lower stature. (See fig. 4.) Its origin is 
not known, but probably it was derived from a mutation of standard 
milo. Different selections of it have been grown throughout the 
9-year period covered by these experiments. Considerable selection 
has been practiced by the writers to improve it in uniformity of 
height and ripening and to obtain more highly productive races. 
The number of selections under experiment increased from 5 in 1908 
to 17 in 1910, decreasing thereafter to 5 again in each of the last 
three years. A total of 90 plats has been grown in the nine years. 
A plat grown in 1915 is shown in figure 5. 


Fig. 5.—A plat of Dwarf milo, C. I. No. 332, at the Amarillo Cereal Field Station, September 14, 1915; 
yield, 72.8 bushels per acre. 


Dwarf milo has about the same growth period as standard milo 
and, therefore is affected by the same climatic conditions at about 
the same stages of development. A study of the data on vegetative 
and fruiting periods in Tables VI and VIII shows a close eoimes on: 
ence beeen its variations and those of standard milo. The 
average duration of the vegetative period of Dwarf milo in all years 
is 73.5 days, or about 2 days shorter than that of milo. The shortest 
average duration was 65 days, in 1914, and the longest was 79 days, 
in 1916. Both these extremes are lower than those of milo, but 
occur in the same years. The average duration of the fruiting period 
of all plats in the eight years in which the crop matured was 33.2 . 
days, or 0.9 of a day longer than that of milo. The fruiting period 
was only 26 days in 1914, but was increased to 45 days in 1915, these 
periods being 3 days and 1 day longer, respectively, than those of 
milo in the same years. 
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TasiEe VIII.—Agronomic data for Dwarf milo grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to-1916, inclusive. 


. [In the statement of yields per acre the bushelis rated at 58 pounds. } 


Row space. Length of period. | Yields per acre. 
Year and C. I. youn. | potat | Sc | Brest Hele bGuseed 
No. ege- . otal} ers. eads. 
Plants.|Stalks.| tat- eG grow- plants.| crop: Total Seed. 
ing. 8- | “ing. 19 
Per Per Per 
Inches.| Inches.| Days.| Days.| Days.| cent. | cent. | Feet. | cent. | Lbs Lbs. | Bus. 
8.4 4.0 6 29 105 | 52.4) 73.8 Sn@ loo dossellossdo5s 2,190 37.8 
GB |p Be 76 SM Oy |. Be EYE ees) lcs bel den peae 2,687 | 46.3 
9.0 3.8 6 5 3. 43.8 
8.3] 4.3 3: 39.0 
9.1 4.1 3. 39.9 
8.6 3.9 41.3 
11.4 7.5 10.2 
ipl 9.8 7.9 
US 7 7.7 19.1 
13.5 7.2 5.8 
12.2 6.5 3.2 
8.7 4.3 6.5 
AGO Ee L757 eetOxo 
10.8 7.7 10.6 
13.1 7.2 23.2 
14.9 9.0 13. 4 
TES s-F53 11.0 
22.8 8.0 77 35 112} 66.0| 67.6 2.5 | 39.9 | 2,898 | 1,156 19.9 
25.3 8.1 79 33 112 | 68.1] 63.8 2.7 | 39.8 | 3,140 | 1,251 21.6 
20.9 Hod 79 33 112] 63.3] 69.7 2.5 | 38.7 | 3,140 | 1,216 21.0 
25.7 8.3 77 35 112 | 68.4) 63.8 2.5 | 40.9 | 2,724 | 1,115 19.2 
26.1 8.1 77 35 112} 69.1 70.0 2.7 | 38.7 | 2,786 | 1,078 18.6 
33.2] 11.1 79 33 112 | 66.5! 57.6 2.7 | 41.7 | 2,507 | 1,046 18.0 
BoB tases. 2 19.2 6.7 79 33 112} 64.8| 67.0 2.7 | 38.6 | 2,862 | 1,106 19.1 
CLUE eee ers 18.1 7.3 76 36 112 | 59.8 | 72.3 S60) lesedocallosesose 1,055 18. 2 
BASE ease ee: 18.0 7.0 76 36 112 | 60.9} 64.4 AoE |nseccec|icconkec 1,195 20.6 
view st SeeeHe 17.8 6.8 79 33 112| 61.7) 64.6 267) llecesoce| oceoose 1,035 17.8 
SHR ee cee eR eens 12.3 6.0 76 36 112) 51.0} 75.7 AG \lsseaost) soscoee 1,045 18.0 
35 Eee eae 11.1 5.8 76 36 TH |), TN GREE be PLE | oe ecmed lsogaees 1, 158 20.0 
BOO Somer ite 12.1 6.0 79 33 112} 50.3) 73.4 2G) |soocced|scacace 961 16.6 
2kesrooee kee 10.1 4.9 77 35 TA |) LD eR lo PAT pe eenccliagsoces 1,127 19.4 
BOAs sea teisctas 14.1 5.9 76 36 TH FELON) Ae(heM i SEPA le cSeece Sanpeee 1, 212 20.9 
| iaceseeSoaee 16.9 6.6 79 | 33 112 | 60.6} 73.4 Pies noe declleaupese 1,061 18.3 
*iiercck sees 16.8 6.6 77 35 112} 60.9] 72.3 7450 lnoaoocclecanccs 932 16.1 
Average..| 18.8| 7.1] 77.5 | 34.4| 112] 60.5| 69.8 2.7 | 39.8 | 2,865 | 1,103 19.0 
911: 
WAG- Os oo see - 8.9 3.7 73 37 110 | 58.5) 98.5 5.0 | 31.97} 6,525 | 2,085 36.0 
TAO Gee eae 11.4 3.9 73 37 110 | 65.4 | 98.4 4.7 | 32.9 | 6,587 | 2,172 37.5 
HA eaten te 10.6 4.0 73 37 110 | 62.2) 97.7 5.0 | 34.3 | 6,294 | 2,160 37.3 
23 ee ness 10.8 4.1 73 37 110 | 61.7} 97.4 4.7 | 34.8 | 6,347 | 2,212 38.1 
387 Genoemebens 10.5 4.2 72 37 109 | 59.8; 98.1 4.7 | 35.3 ; 6,138 | 2,167 37.4 
Siiechpecaeess 10.8 4.3 72 37 109} 60.2] 98.8 4.7 | 35.9 | 6,294 | 2,260 38.9 
SS eespeendes 9.5 4.4 74 35 109 | 53.7] 98.4 4.7 | 37.6 | 5,955 | 2,240 38.6 
TELE eseones 1152 4.0 74 35 109 | 63.0] 97.2 4.7 | 39.1 | 6,317 | 2,472 42.6 
Jee eeaceeeee 11.7 4.4 74 35 109 | 62.6] 97.5 4.7 | 37.7 | 6,080 | 2,294 39.6 
Ono anit 10.9 4.5 74 35 109 | 59.0]. 97.3 4.7 | 37.8] 5,720 | 2,164 37.3 
BOSS 22.6% 12.3 4.9 74 35 109 | 60.5] 97.0 4.7.| 37.9 | 5,554 | 2,110 36. 4 
3 Sele eee eee 9.8 4.9 74 35 109 | 61.1} 98.2 4.7 | 33.0 | 6,337 | 2,092 36.1 
Tiaheeaeneas 10.7 4.4 74 35 109 | 58.3] 98.6 5.0} 33.1 | 6,360 | 2,074 35.8 
Jie ace Sesame 10. 4 3.9 74 35 109 | 62.4] 98.8 5.0 | 33.8 | 6,114 | 2,070 35.7 
iitiecsaseewes 12.1 4.4 74 35 109 | 65.2] 98.1 5.0} 33.7 | 6,375 | 2,150 37.1 
Average..| 10.8 4.3 | 73.4] 35.8 | 109.2} 60.9] 98.0 4.8} 35.3 | 6,200 | 2,181 37.6 
912: 
149-5... 0.2... 6.4 3.4 75 32 107 | 46.9] 97.8 2.5 | 30.6 | 1,982 608 10.5 
HAGH Be oe nas 63 3.5 75 32 107 | 52.0] 96.4 2.5 | 35.0 | 2,653 929 16.0 
2 Sapa 5.9 3.2 75 32 107 | 46.2} 98.3 2.5 | 33.3 | 2,571 858 14.8 
230 eee 4.5 2.8 78 29 107 | 38.1] 98.6 2.5 | 28.4 | 2,283 649 11.2 
18743 aoe ee 6.5 3.4 72 35 107 | 51.8} 98.2 2.5 | 40.1 | 3,483 | 1,399 24.0 
34// pec eeneenes 4.5 2.5 75 32 107 | 44.0! 99.0 2.51 34.9 | 3,173 } 1,109 19.1 
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TABLE VIII.—Agronomic data for Dwarf milo grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive—Continued. 


Row space. Length of period. | | Yields per acre. 


Year a Car. ke Pane Suck- Erect Height need 
0. ege- otal} ers. | heads. 
Plants./Stalks.| tat-. | Fruit-| grow- plants.| crop. | Total Seed. 


ing. | ing. | ing. 
Per Per Per 

1912—Contd. Inches.| Inches.| Days. | Days. | Days.| cent. | cent. | Feet. | cent. | Lbs. | Lbs. | Bus. 
oye Boateeaar 5.8 3.2 75 32 107 | 44.9] 98.1 2.5 | 40.3 | 3,693 | 1,489 25.7 
Beebo wea 5.9 3.2 72 35 107 | 45.1} 95.6 2.5 | 48.4 | 3,933 | 1,709 29.5 
DOSS se oe oe Sees 6.0 3.5 74 32 106 | 41.0) 98.0 2.8] 45.3 | 4,035 | 1,831 31.6 
DOO ee eee 5.7 3.4 71 35 106 | 39.5} 98.6 2.8} 45.9 | 4,373 | 2,009 34.6 
SO0E seins ees 5.4 3.4 74 32 106 | 36.3] 98.5 2.8} 36.8 | 3,493 | 1,289 22.2 
SOLE cece 8.6 3.4 74 32 106 | 60.1) 97.2 2.8 | 42.6 | 3,213 | 1,369 23.6 
OLS ceils =e 7-3 3.3 74 32 106 | 55.5 | 97.6 2.8 | 40.8 | 3,252 | 1,328 22.9 
aii8} Boaeeeccos 7.3 3.4 74 32 106 | 53.5} 97.6 2.8| 438.1 | 3,453 | 1,489 25.7 
BOSe serie eel 6.8 3.2 74 32 106 | 53.2] 98.0 2.8} 39.7 | 3,693 | 1,469 25.3 
AST A feria ae 6.2 383 74 32 106 | 46.8] 98.0 2.8 | 43.1 | 3,453 | 1,489 25.7 

Average..| 6.3 3.2} 74.1] 382.3 | 106.5 | 47.0] 97.8 2.6 | 38.9 | 3,296 | 1,314 22.6 
1913: 
M49 55s Sees! 4.4 3.2 
149-6. 22-222. 4.5 a7) 
W84e ses S:)3 4.9 3.4 
2dO see eee 4.8 3.1 
332 Bee eee 4.9 3.4 
Sai ee eee 4.7 3.4 
eae ee ree ate 4.9 3.3 
3 eee eer 4.7 3.4 
BOS e ee ees 4.5 3.4 
GOS sede coos a0) oft 
BiaOs deeaeeoce 4.6 3.2 
BGIAS ues ee i 1 3.5 
OG2 Neher le 4.6 3.3 
Bin temes osadec 4.4 3.2 
Bissenesecssos 5.0 3.0 
AB acsearle 4.5 3.3 
ity pene nerane 4.9 3.3 

Average..| 4.8 3.3 
1914: 
AGN Bee eter 9.2 4.1 
D386 e! eee as cine 10.0 4.2 
Boo es seee Ue st 7.1 3.8 
OL Eee eee SErsee 9.1 3.8 
BO ener 11.4 4.5 

Average..| 9.4 4.1 
1915: 
AD ees SU ee 13.2 4.5 
280s Sasscenicee 12.6 4.3 
CS Ne Ma ine ty iyi 4.5 
OLlisae see see 13.2 3.9 
neue toMeASar ces 14.1 3.0 

Average..| 13.0 4.1 
1916: 
14g eos eee 7.0 3.5 78 36 114 | 50.3] 99.1 2.3 | 20.9 | 2,100 440 7.6 
236 Se os eeae 133 352 78 36 114 | 49.8] 98.6 2.3 | 21.7 | 1,840 400 6.9 
BBY socseescee “Ee 3.7 78 36 114 | 52.6 100.0 2.3 | 27.2 | 2,060 560 9.7 
S475. foe oes 7.6 Si 7 80 33 113 | 50.7]. 99.4 2.3 | 26.5 | 2,260 600 10.3 
St! Bea eREe son 7.2 3b 7 82 32 114 48.9 |) 99.4 2.3 22.3 | 2,240 500 8.6 

Average... 7.4 3h 7 79 34 114 50. 5 99.3 2.3 23.7 | 2,100 500 8.6 


The length of the total growing period, averaged for all plats in 
all eight years, is practically identical for both milo and Dwarf milo, 
being 106.5 and 106.9 days, respectively. -The shortest growing 
period recorded was 91 days, in 1914, and the longest 119 days, in 
1915. The growing periods of milo were of exactly the same dura- 
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tion as those of Dwarf milo in these two years. The total growing 
period of both varieties was made to appear very short in 1914, 
owing to the drought, which inhibited the production of all but a 
few early heads. 

In 1915 the vegetative period was about normal and the fruiting 
period greatly lengthened in both, and in 1916 both periods were 
somewhat prolonged in both varieties. 

Table VIII shows that the average drill-row space per plant of 
Dwarf milo in all plats during the whole nine years has been 10.3 
inches. The variation from year to year has not been quite so great 
as it was in the milo. The annual averages range from 4.8 inches 
in 1913 to 18.8 inches in 1910. The next poorest stand was in 1915, 
when each plant had 13 inches of space. Milo had a stand of one 
plant to each 15.7 inches in the same year. In 1911, when milo 
had only one plant to each 20.9 inches, Dwarf milo had one plant 
to each 10.8 inches, or nearly twice the stand of milo. No reason 
for the difference is known. 

The average stalk space in the total of 90 plats grown in the nine 
years was 4.7 inches, compared with 5.7 inches for all milo plats. 
The average plant space in the same period was 10.3 inches for Dwarf 
milo and 13.7 inches for milo. These bear about the same propor- 
tion to each other as the respective stalk spaces. Of all Dwarf milo 
stalks in all years, 49.5 per cent were suckers, while 52.3 per cent of 
the milo stalks were suckers under the same conditions. In short, 
the milo plants on the average had 3.4 inches, or about 35 per cent, 
more space than the Dwarf milo plants, but produced only about 
5.6 per cent more suckers. In the different years the stalk space 
varied from 3.2 inches, in 1912, to 7.3 inches, in 1909. Itis of in- 
terest that the total failure of 1913, the average acre yield of 41.3 
bushels in 1908, and the bumper acre yield of 68.4 bushels in 1915 
should be associated with stands of one stalk to each 3.3, 3.9, and 
4.1 inches of space, respectively. In the latter year exactly two- 
thirds of the stalks were suckers. In other words, with a stand of 
one plant to each 13 inches each stalk produced two suckers on the 
average under the influence of the very favorable wet season. 

On all plats in all years the average percentage of erect heads was 
89.8 per cent, compared with 86.9 in milo. In five out of the eight 
years in which heads were formed, more than 97 per cent were erect. 
In the favorable season of 1908, only 63.1 per cent were erect, while 
in the very favorable wet season of 1915, 91 per cent were erect. 
This mmcreased erectness in 1915 probably was due to the continued 
selection for erect heads and the effect of the extremely heavy seed 
crop in suppressing what otherwise would have been excessive vege- 
tative vigor. 
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The average height of Dwarf milo in all 90 plats in all nine years 
_ was 3 feet, compared, with an average of 4 feet for milo. There was 
an enormous variation in average height from year to year. For 
instance, in 1916 the average height was only 2.3 feet, and in 1912 
but 2.6 feet. In 1915, however, under the influence of abundant 
rainfall, it rose to 4.5 feet, and in 1911 to 4.8 feet. The average 
height of 1.7 feet, recorded in 1913, included many stalks which bore 
no heads and therefore had not attained full height. 

The most important character of Dwarf milo is its outstanding 
ability to produce good yields, as shown in Tables [IX and XVIII. 
The average acre yield from all the 90 plats grown in the nine years 
has been 26.2 bushels. Under the same conditions, the average acre 
yield from 107 plats of milo was 22.7 bushels. The lowest average 
yield recorded, except the complete failure of 1913, is 8.6 bushels, in 
1916. The highest is 68.4 bushels, in 1915. In the same years milo 
yielded 7 and 61.4 bushels, respectively. The yields of this variety 
obtained during the nine years of the experiment may be classified 
as follows: One failure, two poor, three fair, two good, and one 
superexcellent. 


? 


TasLeE IX.—Annual and average acre yields of all lots of Dwarf milo grown at the 
Amarillo Cereal Field Station during periods of varying length in the nine years from 
1908 to 1916, inclusive. 


{In the statement of yields per acre the bushel is rated at 58 pounds. } 


> Annual yields (bushels). Average yields. 
| | | i | < z 
| | | ( 
C. 1. No. | years,|years,|years,| 9 por, 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1910 } 1910 ; 1909 1908 4G 1916 
to to to : 
1913. | 1916. | 1916. 

Bus. | Bus. | Bus. | Bus. | Cwt. 

TAQ te Asie a42.6 |a12.4 |a20.8 |036.8 |b13.3 0 | 30.0 | 74.1 | 7.6 | 17.7 | 26.1 | 24.4 | 26.4) 15.3 - 
Tee Be orleaanidice Beceec neaert 19.2 | 37.3 | 14.8 (0) BAAS 36 lpaaess osease aos PaEe 4 Gaamea sae ca Basse 
PRO GAS eel eee a5.2 | 18.6 | 38.1 | 11.2 0 | 31.0 | 62.7 | 6.9 | 16,9 | 24.1 } 21.7 |--2-- |. e 
Ob acdasonaaore 639.5 |cl4.3 |018.6 | 37.4 | 24.0 0 | 30.3 | 70.3 | 9.7 | 20.0 | 27.2 | 25.6 | 27.1] 15.7 
CY SE USa eases hopese aeceae 18.2 | 38.9 | 19.1 ON 2a 2s ON Sale sls 2650) [emis | eens eee 
Bee ee es och sity mye tans op 20.6 | 38.6 | 25.7 Willscscaallseaccalesoas& 2 2 esiialleeletecte | eee ee assoc 
BO Utes clemercee | Soe eee 17.8 | 42,6 | 29.5 OM Sateeisaleeseial eae 2200 Masteteee! paceles Sansa eeisce 
Bee SACS [Grice scree 18.0 | 39.6 | 31.6 OH hasctidlodiaors| hesese PPR Sea sallessose asobes| Moacsc 
SS aa ears eee eae 20.0 | 37.3 | 34.6 Oy OS2 NGS TS aS 856) 225952024 ssl ee sel een 
SCORE eee ie eee aero eS 16.6 | 36.4 | 22.2 (i sSa5eaeesou soaaee Tee Socecr|Sqaseellasaosalbesuce 
SOL eee eel ieee ge Fk 19.4 | 36.1 | 23.6 (Oh Sears OAS Sel leoonee aT oil Barere Paceae|sscasc|secacc 
OZ eT Settee es Beceem |seeeene 20.9 | 35.8 | 22.9 OP esgaclesoccs||aos66s ID EC sacoee sodea eeocuelleeecsc 
BOS Rasa eres ee Meera (Le 2 18.3 | 35.7 | 25.7 Oybrgnsle ees Gees Le Resear ence M eacrcs|2ae acc 
DOSE es: Saker AOR se ee Ta 16.1 | 37.1 | 25.3 Ot ae ean nes sel arses 19sGn cee calaomcea|eerene Gasca 


a Average yield from three plats. 5 Average yield from two plats. ¢ Average yield from four plats. 


The 9-year average acre yields of two lots grown during that 
period, are 27.1 and 26.4 bushels, respectively. The yield of the best — 
one is.4.2 bushels more than the yield of the best milo in the same 
period, as shown in Table XVIII. In figure 6 the annual yields of 
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the best race (C. I. No. 332) during the nine years from 1908 to 1916, 
inclusive, are shown in graphic form, together with the seasonal 
(May to August) and annual precipitation during the same period. 


ALBA, OR WHITE, MILO. 


The variety Alba, or White, milo, is an exact counterpart of the 
ordinary standard milo except in the color of the seed, which is white 
instead, of brown. The early history of this variety is not known. 
It probably was introduced about 25 or 30 years ago. It was found 
under cultivation in scattered localities in western Texas, in 1909, 
during an extensive reconnaissance made by the senior writer. It 
has since been found sparingly in Oklahoma. Five different lots 
were obtained in 1909 and included in the experiments in 1910. 


1908 4909 19/0 ZA 49/2 4HA/32 19/4 S/S LAE £0 


INCHTES 
SUSHELS 


Fic. 6.—Diagram showing the seasonal (May to August) and annual precipitation, in inches, and the 
acre yield of Dwarf milo (C. I. No. 332), in bushels, at the Amarillo Cereal Field Station in each of the 
nine years irom 1908 to 1916, inclusive. 


The number was increased to nine in 1912, but during the last three 
seasons only two lots have been grown. A total of 34 plats have 
been grown in the seven years. The results obtained are given in 
Tables X and XI. The Alba milo is so similar to milo in its adapta- 
tions and reactions to environment that extended comment upon the 
results seems unnecessary. 
The extremely prolonged ripening period in 1910 was due to the 
_very thin stand, which permitted free tillermg, there being 70.8 per 
cent of suckers in the total number of stalks. The many late- - 
appearing suckers matured slowly, thus ‘prolonging the ripening an 
extra 10 days. Only 60.7 per cent of erect heads resulted. The 
thin stand was due, in turn, to the immature condition of part of the 
seed obtained in 1909, as the exploring trip was made before these 
crops were ripe. 
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TABLE X.—Agronomic data for White milo grown at the Amarillo Cereal Field Station 
during the 7-year period from 1910 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Row space. | Length of period. Seed in— | Yields per acre. 
wa 
| a). 2 
Year and C. I. . : i) ras ; 
ins No. Ee : B 3 y 5 =a 
A ab ° . & ro} q iS 
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Average.| 44.7 | 11.9 | 79.6 | 41.4 | 121 | 70.8] 60.7] 3.9 | 58.9 | 31.6 | 51.6 |2,736 |1,632 | 14.7 
=> s 
1911: 
eG a a 11.1) 4.8 74 34 | 109} 56.1 | 96.4 | 6.5 | 56.9 | 33.9 | 59.5 |6,410 3,650 | 37.5 
SOOM Eee 11.8] 5.6] 74 34] 109 | 52.5 | 95.1 | 6.3 | 53.6 | 33.3 | 62.1 '6,040 |3,240 | 34.9 
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The yields obtained from all lots in all years are shown in Table XT. 
The average acre yield of Alba milo in the seven years from 1910 to 
1916, inclusive, was about 20 bushels, or nearly 3 bushels less than 
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that of milo. In no year has the average yield of all lots of the Alba - 
variety exceeded the average yield of all lots of standard milo. Like- 
wise, the highest yielding Alba has never equaled the highest yield- 
ing milo. In 1915, the year of bumper yields, however, the average 
yield of the two lots of Alba equaled the average yield of the five lots 
of milo, being 61.8 and 61.4 bushels per acre, respectively. In short, 
Alba milo is almost identical with milo in all its adaptations, but so 
far is slightly below milo in yield. The annual and average yields of 
one strain are compared with those of the other milos and durras in 


Table XVIII. 


Taste XI.—Annual and average acre yields of all lots of Alba, or White, milo grown at 
the Amarillo Cereal Field Station during periods of varying length in the seven years 
from 1910 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Annual yields (bushels). Average yields. 
C. I. No. 
art 4 years,| 5 years 
1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1910 to| 1912 to| “ years ete to 
1913. | 1916. P 
Bus Bus. Bus Cwt 
352. foro 3725 |. 15.8 0) | satya | ersos3 4.8| 17.5| 18.3] 20.8 12.0 
Pate vo 15.0| 34.9] 18.4 a PEt 2 apg pee Typ ab feb an (epee Ri elo 
BU 3s cn 14.6] 35.2] 16.4 0), |S 2 [aes TTA Wrceeee ol Ee Me ea ah 
Genes 176) 34e4) |, 19.1 (); eee ne 2 "ea eas LAS SR RCI Cte 2 \eStemeen 
aye Gees: 9.6|* 15.6| 10.2 | eee a a 7 ae Te Bae aan 
£0). os oaklh see ee 13.2 0 6.2| 62.4 G50) | ermenen LTB eee ee eal me a 
Ere aie 9.1 Tp ee a2) a gee Se Pa ee a 
658 FT A a | 7.8 |e Sa aC 7 te Ba scl Goda eed aati al bo aE 
| 
FETERITA. 


Feterita' is a variety of the milo group introduced from the 
British-Egyptian Sudan. It is similar to milo in most of the char- 
acters of the stalks and leaves. In height it averages about 5 feet 
under Panhandle conditions, or about 1 foot taller than milo. The 
head or spike is more elongated, elliptical rather than ovate in out- 
ime, somewhat less compact than that of milo, and always erect. 
The seeds are a chalky white, or sometimes bluish white, rather than 
a2 yellowish white or pale buff. The seeds also are softer than those 
of milo, and hence more likely to decay in a cold, wet soil. A plat 
of feterita grown at Amarillo, Tex., in 1915, is shown in figure 7. 

One importation was received in time to be included in the experi- 
ments in the spring of 1908, while a second was added in 1914. Only 
12 plats have been grown, therefore, in the 9-year period. The 
results obtained are shown in Table XII. 

The total length of the growing period of feterita has varied greatly 
in the nine years. The average is about 107 days. In general, the 
responses of feterita have been about the same as those of milo to 


1Vinall, H. N., and Ball,C.R. Feterita, a new variety of sorghum. Jn U.S. Dept. Agr., Bur. Plant 
Indus. Cir. 122, p. 25-32, 1913. i 


40 BULLETIN 698, U. S. DEPARTMENT OF AGRICULTURE. 


the same conditions. The shortest period recorded is 93 days, in 
1914, and the longest 122 days, in 1912, though the total duration in 
1910, 1915, and 1916 was between 115 and 119 days. In 1910 the 
vegetative and ripening periods were both prolonged, while in the 
last two years only the ripening period was extended. The reasons 
for these facts have been -already stated under ‘‘Milo” and ‘‘ Dwarf 
milo” and need not be repeated here. 


TaBLE XII.—Agronomic data for feterita grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Row space.| Length of period. & : Seed in— | Yields per acre. 
a | & 
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The average drill-row space per plant and per stalk in feterita is 
somewhat longer than in the case of milo. This is due chiefly to the 
softer seed and consequent poorer germination under unfavorable 
conditions, such as the dry spring weather in 1910 and the wet ~ 
weather in 1915. In these two years the plant space was 37.3 and 
29.8 inches, respectively, the widest spacing recorded for any variety 
in any year. The closest was 7.9 inches in 1913 and 1916. 

The stalk space has varied only about half as widely, owing to 
the very free tillering of feterita. It has been more difficult to as- 
sign the proper limits to the vegetative and fruiting periods of 
feterita than to those of any of the other commercial varieties. This 
is due to the more uneven stands obtained and the greater variation 
in the number and percentage of suckers produced. Under dry 
spring conditions even a thin stand of feterita may head at an average 
height of only 3 or 3.5 feet. Under the influence of subsequent 
rains it may continue to produce suckers for some weeks, and these 
in turn continue to produce heads and to ripen seed. This condition 
represents really not one crop but two or three crops in succession 
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on the same plants. This also helps to explain some of the records 
of prolonged periods of growth or ripening. 

There has been much popular approval of feterita as a supposedly 
more drought-resistant crop than either milo or Dwarf milo, based 
on its occasional production of small to fair yields where the milos 
have failed completely. In the observation of the writers this has 
been due to the thinner stands, which are normal with this variety. 
These give it an advantage over the milos in dry seasons, when til- 
lering is largely inhibited. In only two years, 1909 and 1913, both 
years of drought, has the proportion of suckers dropped below 50 
per cent, or one sucker to each original plant. In 1915 there were 


Fic. 7,—A sey of feterita, C, I. No, 182, at the Amarillo Cereal Field Station, September 28, 1915; yield, 
55.5 bushels per acre. 


69 per cent and in 1910, 75.1 per cent of suckers, or an average of 
three fruiting suckers to each main stalk. These percentages are 
somewhat larger than those of milo in both cases. 

The average acre yield of feterita (C. I. No. 182), in bushels of 58 
pounds, has been 22.8 bushels in the 9-year period. This is approxi- 
mately the same as the average acre yield of the best milo in the 
same period, but more than 4 bushels less than the average acre yield ~ 
of the best Dwarf milo, as shown in Table XVIII. In two years, 
1914 and 1916, however, this feterita has outyielded the best milo 
by quantities of 4 and 7 bushels, respectively. The lowest acre 
yield from this feterita was 9.3 bushels, in 1909, when the best milo 
made 16.5 bushels. The highest acre yield of this feterita was 52.1 
bushels, in 1915, when the best lot of milo yielded 67.5 bushels. It 
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is thus evident that feterita can scarcely compete with milo as a pro- 
ducer of grain; and milo, it should be remembered, is consistently 
outyielded by Dwarf milo. 


WHITE DURRA. 


The durra subgroup differs from the milos chiefly in the broader 
and more hairy glumes, not transversely wrinkled, and the flatter 
seeds. Two durra varieties were introduced into California in 1874 
under the names ‘‘White Egyptian corn” and “Brown Egyptian 
corn,” it being reported that they had come from Egypt. They 
have since become known as White durra and Brown durra, respec- 
tively. Like the milos, they differ from each other only in the color 
of the seeds. : 

The durras are low-growing plants with dry stems and few leaves. 
The heads are ovate or oval, rather compact, and commonly recurved 
or pendent. The broad seeds are lenticular in shape and much more 
flattened than in the case of milo or feterita. Very similar forms, no 
doubt the progenitors of these, are still found in cultivation in North 
Africa and in western Asia under the Arabic general name Dari. 
The forms of Turkestan are taller, with much more compact heads, 
and are known there as Dzhugara, a name probably from the same — 
root as jowar, the name used in India for sorghum. 

The white form of durra was rather extensively grown in the onal 
days of dry farming in Kansas under the name Jerusalem corn. The 
brown form never has been commercially important. There are 
real objections to these varieties as farm crops. Among them are 
the recurved heads, the easily shattering seed, and the covering of 
hairs on the glumes. The first makes harvesting difficult, the second 
causes heavy loss of seed in wind or storm, as well as in harvest, and 
the third is very irritating to workmen in thrashing. Careful selec- 
tion has eliminated the pendent heads and Nos. 27 and 81 have 
heads completely erect The shattering habit and hairy glumes 
have not yielded to simple selection, and none of the many hybrids 
has been entirely satisfactory in vibe respects. 

Nine different lots or races have been included in the experiments, 
seven being included at the start in 1908 and two having been added 
since. In the last three years all but one have been discarded, and 
that one has been retained chiefly for illustration and comparison. 
- Of the nine lots tested, Nos. 27 and 81 are selections from the ordinary 
White durra found in the United States, while No. 283 is an unse- 
lected lot of the same. No. 129 represents the Dzhugara from Tur- 
kestan. No. 244 is a form with less compact heads, called Edra, 
from Arabia. Nos. 247 and 248 are from India and not closely - 
related to any of the others. The results of these experiments are 
shown in Table XIII. 
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taste XIII.—Agronomic data for White durra grown at the Amarillo Cereal Field 
Station during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds. | 
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It seems unnecessary to consider the White durras at any length, 


ecause none of them are of commercial importance. 


The following 


bservations relate exclusively to the common American form, rep- 
esented by Nos. 27 and 81, which is the only type having promise. 
t will be noted that this form is very early in maturing. The 
hortest growing period was 89 days, in 1914, and the longest 115 


days, in the abnormally dry season of 1916. The average duration 
in normal seasons is about 95 days. | 

Germination, and consequent plant space, has been more uniform ~ 
in this durra than in any of the milo varieties. In the very dry — 
spring of 1910, stands of one plant every 12.8 and 14.8 inches, — 
respectively, were obtained from the two lots. In the wet spring of ~ 
1915, when the milos germinated to rather poor stands, the one 
selection of White durra grown had a plant space of only 11.7 inches. 
The most striking physiological difference between the White durra — 
and the milos is in relation to tillering. In some cases, as No. 27_ 
i 1910 and 1912, absolutely no suckers were produced. In 1915, the : 
very wet year, No. 81 produced only 34 per cent of suckers in the 
total stalks. 

In height these selections exceed milo and White milo to a small 
extent. The average height is about 5 or 5.5 feet and the variation 
was from 4 feet in 1912 to 7 feet in 1913. 

In yield these White durra selections fall below milo and feterita. 
The average acre yields of the two in the first six years, when both 
were grown, are 16.9 and 17.3 bushels, respectively, as shown in 
Table XIII. The average acre yield of No. 81 in thé 9-year period 
was only 18.7 bushels. In 1915, the year of bumper yields, its 
record was only 36.9 bushels, about 1 bushel more than it yielded in 
1908 and about 30 bushels less than that of the best milo. The 
yields of this selection are compared with those of other milos and 


durras in Table XVIII. 
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BUFF DURRA. 


Under Buff durra are grouped, for convenience, several diverse 
varieties. None has been found to have any economic importance in 
the Panhandle. 

Nos. 104 and 374 are the domestic Brown durra, which is the 
brown-seeded counterpart of White durra. No. 101 is a similar plant 
from North Africa. No. 183 is the Durra Safra or Yellow durra from 
Egypt, more truly a milo. No. 389 is a brown-seeded Dzhugara from 
Turkestan. Nos. 246, 249, and 250 are from India. Nos. 371, 372, 
and 376 are lots obtained from shiploads of chicken feed brought 
in ballast from Liverpool, England, but probably originating in 
India. 

It is evident from the data in Table XIV that the performance of 
these varieties was so poor as to warrant discarding the entire lot at 
the end of 1913. No. 246, Dagdi Jowar, from India, seemed to be 
the most promising of all, but its average annual acre yield in the 
6-year period was only 14 bushels. Most of the varieties were both 
tall in stature and late in maturing. 
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TABLE XIV. — Agronomic data for Buff durra grown at the Amarillo Cereal Field Station 
during the 6-year period from 1908 to 1913, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 
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MILO HYBRIDS. 


The four selections considered under this head are derived from 
field hybrids of milo. Nos. 199 and 200 are selections made at the 
field station at Channing, Tex.,in 1906. The first is from a supposed 
hybrid between Blackhull kafir and milo, while the parentage of 
the second is supposed, to be Sumac sorgo and milo. Nos. 238 and 
239 were chance hybrids of uncertain parentage found at the Amarillo 
Cereal Field Station in 1907. Selections were made only of forms 
having heads and kernels like those of milo in shape, but with the 
heads strictly erect. Since most field hybrids are tall, only the lowest 
were selected. 
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All four selections were grown in 1908. AIl were omitted in 1909 
but reinstated in 1910. ‘The number was decreased thereafter by 
the elimination of the least promising until only two remained in 
1914, after which these also were discarded. In spite of continued 
selection, none of them showed any positive value either in productive- 
ness, earliness, or dwarfness. The results obtained in the six years 
are shown in Table XV. , 


TABLE XV — Agronomic data for milo hybrids grown at the Amarillo Cereal Field Station 
during the 7-year period from 1908 to 1914, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds. ] 
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a First and only heads. 
DURRA-KAFIR HYBRIDS. 


Only five separate hybrids are represented in the 18 selections con- 
tained in Table XVI. The remainder are varying forms selected 
from No. 198. Of the five, No. 141 is a hybrid called ‘‘Davis corn” 
found growing locally in Oklahoma and probably a cross between 
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Blackhull kafir and White durra. It was discarded after the season 
No. 198 was a field hybrid, supposedly between Blackhull 
kafir and White durra, which occurred at the Channing Field Station 
Among the various forms appearing in the second genera- 
tion were many that seemed very promising. They appeared to 
combine the desirable earliness and low stature of the durra with 
head and seed characters more like those of kafir. 
these were made, and a number of them have been continued until 
the present time. 


of 191 


in 190 


2. 


6. 


Selections of 


Taste XVI.—Agronomic data for durra-kafir hybrids grown at the Amarillo Cereal Field 
Station during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Row space. | Length of period. ‘ Seed in— Yields per acre. 
1 3 5 
Year and # : z iz S é 
= fo . . fo) 
E- Ne- A ees Ae a panels |, il eral a 5 é 
eee arte Stl cel el eel | eos Pui lames bal ese al hires) || ma 
Bago yer ls | sees me. | orl Slee pase |S): es 
| w > & |e Rn aa iaa| jax| (6) aa] a ea D 
1908: Ins. | Ins. |Days.|Days.|Days.| P. ct.| P. ct.| Feet.| P. ct.| P. ct.) P.ct.| Lbs. | Lbs. | Bus 
Lae eee 11.9] 6.6 85 LENE TA BGO Ioaeee G30 eas eS eee erths elle seer eisai 
198-1....... Git | ba, 76 DH lle AYES Neo oak AGS) aes esl ee Dea ee (nce ale ag oe ensae 
[eR eRe accel eae an Die ie 76 23 990] eee en AG ERAN Eee al oats | eetrerat | meee |S Oh 
MOR 7-2 se 10.3] 5.4 75 251 eel OOM Aro eee Pala} [eres Prete! aay sts SIE eS nee tak Pe tn 41.0 
TOG | ee (ae 67 30 2 (ef Ss =|, CA FER eg eae es FTC] PU Lan Uae a Lea 
1 Ta ese bye eee eae 75 39 OT Eee eee 008 Baeene Biscace nctsod Reccece haasaalemseres 
198-11... -. 9.8| 6.4 76 BS |) M04 |! ES conor Ze AN hc Bae sega Pacers Reoeaciehe| ees 34.5 
198-12...... 9.4] 5.4 80 OR || TAB |) ts || oo oe Cea et eet Wes Seta a fe SE A 34 5 
198-15...... 8.6] 6.3 67 31 OStP26 aval eeeee ZAR Bort Ra | SD 28 ea i 27.4 
HES UG see ayes el veins 22 83 YBa Gia Ey ad eee | ge BUF fal es Ait se] Beer eM Neyo es en al eo 
HORM I See ee ewe |e 78 7 S105 ))| eae eee FT Wye xe es a ae cal CN Is MR Lo Sea eee 
INISS TOS co lea ere 78 Die Noe] OD) ae | ARSE [ic a epee I i pd ee | ae 
HOS= ZOE ea|Ee Lc) sec ce. 76 P50 \ orl OL || eae eee Be Tey | Tec elec ee eae Bas eae ee ee 
BAY hee es seas 8.9] 6.8 78 DAA ODM E24 Gi eeeeee EA (es seas | Seaeaeer eae al Nero ie na Deena 24.0 
PAO E eisa.oate 8.0] 4.4 67 31 98 | 45.0 ].-.--- PESOS | SeSes es es e ee| M r fus a KA 35.7 
EE CoCabed Saat el eneee 78 SON PLO i ema Pelee | ee NN a ele As ail ees eee A 
Average..| 9.5] 5.8] 75.9 | 28.3 |104.2 | 36.7 |.-...- Ail Oe Bees | papain San lI RNR ty a 32.8 
1909: 
198-1-1_....| 13.8 | 9.4 TED echoee: Ba cc aie el Raa eae en ee es ene ace Se serch res 1.2 
198-7-3...-- 15.5 | 9.2 (Sil eeee se | sme COE doa Eee ae SSB seo aeel eee) BSeeisesd Pewee 2.8 
HOS HII TONDO 12.9 | | 76 |1 2.02 .|-ele-e OB a= cls Cel Neagle ORIN Ee eat 6.7 
198 - 12-1 
ande2: oe 14.7] 9.9 Salhi bee eee 62),@ ||55sh0e Babee poses eos hea loca eal EceaHesl aaa 3.1 
198-12-4 14.9| 9.7 | eoeete all eee SAMO eee lionccccieol| aeepeenl weieeesl| aclu naw VE ea tas 312 
198-15-3 14,1 | 13.3 CON aes eee Fs Ol eter fs Sates a secpate | Cee te [eee cried etre eel earn 7.8 
198-19-1a@ _.; 13.4 | 11.4 TAN Re) aes ae WARO) peel eter a ee a ae a Ul Re cee 3.5 
198-19-1 6 -.| 16.3 | 11.9 lea cel eee SPT) 15 <A TOTO a 2 a Meee 5.6 
2ST ae Wily alee Hana 1 (ie espe ne Ste EPR Hh tna Ra ee ROT SAS RN Sree UE tineie UG VaIeci ae SN es 
PAD SUSE ees 14.2 | 10.1 fil Re aM IB PieHtsHil eae |------[ee-02-[-e-- [eee ee |e eee ejee eee e|es eee 
“Average..| 15.2 |.10.9 | 73.3 |....2.|.----- PO) sis5 ad PASE baa Be Aloe Gas) Cet eee aeereecs | 4.2 
1919 (black 
glumes): 
141-1-2-5...} 20.3 | 11.1 |. 104 Sie | feat 216s 1) GWG GNI Naeger a Bc le el eee eae ee ees 
141-4-1-6...] 28.8] 14.5 | a8s BAe eA | AO, 24 |) 2G, ee ES Se ee Ne a ee OS eres 
141-4-5-6...| 31.7 | 15.2 | @88 SB vali) Gat. @ ||) Bits OH Cae as SSS as oes aes 
eel en wosn aa miss O 88" | son mlotaloresaiole.| 452 Seu een EUs cea Cer Eee ee: leeea5e 
198-1-1..... 42.8] 13.5 78 B3e Ullal eG Goa eesnO)|) 450) |e seeme ee ee muee eee She ee 7.4 
198-7-3..... 32.2} 13.1 78 SRN UT 1 PK) 1! ZS Se A Pesta festa 9.1 
198-11-1 
and 2..... 30.5 |} 15.1 78 SBI OKU HOLG |. ZiS.S eel eoeoecl Caeser haesee seashae le ceeee 7.9 
* 198 -12-1 
and 2... . 32.2 | 14.5 Te. Bd |) Uiil. | ES) |} @3.B PegeONseses-ieseocellesseeellBacsasdlecoded 8.1 
198-12-4___.| 25.1 | 11.3 78 33nd Bom UMASS | | 322) he een Sie eee eT ee SUES 2 ee qi 
198-15-3....| 28.4 | 21.8 70 SA) aU || BE at || Oe iy Be ey a Ne ee oS ees ame B 5.4 
198 -19-1 
and 2....- Ae VP THES) Arist a eek lh and ls GG ib |) 72 ORO eessarl cet ae eaacae Reels been 9.0 


a First and only heads. 


48 


BULLETIN 698, U. S. DEPARTMENT OF AGRICULTURE. 


Taste XVI.—Agronomic data for durra-kafir hybrids grown at the Amarillo Cereal Field 
Station during the 9-year period from 1908 to 1916, inclusive—Continued. 
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TaBLE X VI.—Agronomic data for durra-kafir hybrids grown at the Amarillo Cereal Field 
_ Station during the 9-year period from 1908 to 1916, inclusive—Continued. 
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198-7-3..... LON 7a 63 66 31 OFF |G Sil ebasG! |) 105y|eseeee 1858) |Baeeee 4,240 |....-- 13.8 
198-15-3 - P2251 1057 66 31 Cy) Til G5.1) (7 OH BGI le ae ae 2540) |eeeeee 3,440 |-.-.-- 14.8 
BAS eins = i ON aa 64 29 93) 2056) R32) 3-0) |= 2co-- UES eeeace Shit} a Sane 8.6 
240-6....--- Saar Gal 57 39 SMe |) CaO | VERB PROBS scan 4656) |eaeeee 2.400 \ece: 19.3 
Average..| 9.2] 6.9 | 63.2 | 30.2 | 93.5 | 24.8] 60.8] 3.2 ]...... 5 Dloaeose Sy010)|Secee- 11.6 
1915 (black 
glumes): 3 
198-7-3....- | 15.0} 9.5 74 49 | 123 | 36.9 | 9874] 5.0 )-.--.- SANG ee see SPY) leeSece 34.5 
198-15-3-....| 15.4 | 12.4 74 LL PAN IT |) Eat ey eoooee Wht) lseenos GOOR ace 24.5 
Average..| 15.2! 10.9] 74] 49] 123|28.0|97.1| 5.2|...... SDUSH| Wes IG) oscos- | 29.5 
1915 (pale 
glumes): | 
198-7-3....- 11.3] 6.9 72 51123), SONORMOOOR I 5:5) |aae oe DBM | ence (©6853 |inssaos 28.1 
198-15-3...-| 8.9] 8.4 61 AN 1088 Seon LOOSON|E 5.30 |eaeaiee HelONSa eee 932403 |S2e- 17.9 
2 ee 13.3] 6.6 74 49 | 123 | 50.0] 98.9} 4.5 |..-..- Ipsoey eid | mete 5, 040 |.----- 29.3 
240-6....--- 8.3] 6.6 64 O45] LES 2OL2aLOOHON) 450) |2--5- O20OF eee eee 4,000 |------ 36.2 
Average..| 10.4 | 7.1 68 0) | DIS) 28 ae99awe | 48 looses SPO) |\eeodee 5,153 |...--- 28.4 
1916 (black 
glumes) 
198-7-3..... 13.9] 8.8 83 23 | 106 | 36.9 | 61.8] 2.8 }...... 1954: fo sae 2 AGOR| Esco lee, 
198-15-3-.-...| 29.0 | 25.0 78 Sle 215) | TSISn abso 2.822822 | 21.9 }...... 640 |...--- 2.4 
Average..| 21.5 | 16.9 80 Oi) 110) 25748 GO8sG) | 6258) |e eee ZUR Neaeoooe AO RE Seer 4.8 
1916 (pale | 
glumes) | 
198-7-3..... DST | ONT, 80 65! | 7 145) R25 erele2aronle 2.00 leencce 2OUSE Seer 15600) |S2ee- 5.7 
198-15-3 . 21.0 | 18.0 80 HP eS ASE | Pt) 2 PA eee BOs ee ates D605 eee be 
DAU: 52.255 Tet) || EPA ably 28.) 145 | 32.1) 55.1] 3.0)...... Cet Sepocn ZPD \\sbccoe 3.5 
ZA0-6..-..-- 16.5 | 12.4 63 34 OF) | Zee eGsaoul 237) eeee es lB |lescsoc 640 |-.--.- 3.5 
Average..| 14.6 | 11.3 85 48 | 133 | 24.0 | 42.7 | 2.6 ]...... | NOLS lecodae IBS \esacac 3.6 
{ 


Nos. 237 and 240 were field hybrids occurring at the Amarillo field 
station in 1907. Presumably these also were crosses between Black- 
hull kafir and White durra. No. 237 was discarded at the end of 
1912, but two selections of No. 240 are still grown. No. 245 is sup- 
posed to be a cross between Edra (No. 244), a white durra from 
Arabia, and some other variety. It appeared at Channing in 1906, 
and the selection was finally discarded at the end of its first season 
in 1908. 

_ The number of selections grown was increased from 16 in 1908 to 

18 in 1910 and then decreased until only 6 have been tested in each 

of the last three years. These include selections from only 2 of the 
56086°—18—Bull. 698——4 


50 BULLETIN 698, U. S. DEPARTMENT OF AGRICULTURE. 


5 originally under experiment. The total number of plats grown in 
the nine years has been 105. The results are shown in Tables XVI 
and XVII, and the best strains are compared with others of the milo- 
durra group in Table XVIII. Beginning in 1910, an attempt was 
made to isolate both black-glumed and white-glumed selections from 
some of the selections which were not homozygous for glume color. 

From a study of the data in Table XVI it appears that the selec- 
tions of 198, 237, and 240 are early in maturing and the selection 
No. 240-6 especially so. The average duration of the growing period 
lies between 100 and 110 days in fairly normal seasons. In 1914, 
when all varieties of grain sorghums matured quickly, No. 240-6 
matured in 87 days, and none of the six selections required more than 
97 days to mature. In 1915, when all grain sorghums were late, these 
selections required only 118 days on the average, or a little less time 
than milo. 

The germination of these hybrid selections has been good, on the 
average. Only once in the nie years has the plant space exceeded 
15 inches. In five of these years the plant space has averaged less 
than 10 inches and in one year less than 5 inches. In the very dry 
spring of 1910 the germination was poor and the average space was 
25.6 inches. In 1915, however, with its very wet spring, the average 
spacing was only 10.4 and 15.2 inches for the two subgroups, respec- 
tively. These selections do not tiller as freely as their kafir parent, 
but a little more freely than the durra parent. Only once, in 1910, 
have half of the stalks been suckers and only three times have as” 
many. as 30 per cent been suckers. The lowest record is 19.2 per 
cent, in 1911. The average height has been 4 feet. 1 

The yields of all varieties are given in Table XVI and the yields’ 
of the best strains or races in Table XVII. No fair comparison can 
be made by considering the average acre yield of all the selections” 
in all the years, because these are widely varying hybrid forms 
instead of pure-line selections from a mass variety. It is necessary, 
therefore, to determine the average acre yield of each of such selections” 
as have been grown throughout the 9-year period. There are only 
three of them, but there are two others that were separated from — 
two of the original three after the experiment had run two years. 
There is still another, No. 240-6, which has been grown during the 
last six years. 

As grown during 1908 and 1909, both black-glumed and white- 
glumed forms occurred in the selections of No. 198. In the autumn 
of 1909 selections were made for glume color, and in 1910 head rows 
of each color were sown. The yields recorded in 1908 and 1909 are | 
from the mixed lots, and hence are identical in both sections of the 
table. The subsequent yields are those given by the different 
selections. 
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TasLe XVII.—Annual and average acre yields of the best durra-kafir hybrids grown at 
the Amarillo Cereal Field Station during periods of varying length in the nine years 
from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushelis rated at 58 pounds.] 


Annual yields (bushels). Average yields. 
Selection and 5 6 
ase NO: years,|years,| 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 |" 1909 | 1908 | 49. 4g 
to to 8 to 1916. 
1913. | 1913. 

Black glumed: Bus.| Bus.| Bus. | Cwt 
HORI eee Saeeied| ike ce OPA CAE cevess |) 247 0 a ee Oe eee s| eres) ees 
iD ES eas sees 41.0} 2.8] 9.1] 30.2] 3.0 0 | 16.2] 34.5) 7.2|) 9.0] 14.4] 16.0 9.3 
TORU 3 So 34.5 | 6.7] 7.9} 38.2) 4.0 Quiles | ee eed ute els SDSL RAls bed yD | ies as | lee 
it = DS Sasa eee 34.5] 3.1] 8:1.) 34.6) 2:0 CU Fee Se [eee a | eae CEO BE lee ssoellovecoe 
198-12-4......... 34.5 | 3.2] 7.1}| 26.7| 2.2 Un Pee Sse Setace| jaeacee Uexss\| WES al hs ee 
198-15-3 .....----- 27.4) 7.8) 5.4) 39.9] 4.1 0 | 20.7} 24.5) 2.4 | 11.4] 14.1) 14.7 8.5 
Titem] Us 5 Ee ee! eee 3.5] 5.6] 17.3 | 3.9 Cn eee eater his eae GSE |e |e Rae a ere 

White glumed: 

198-7-3....-.-.-- 41. 2.8 | 21.2 | 28.2} 6.0 0 | 13.8 } 28.1 Ist pldeonl 16500) Lord 9.5 
198-12-4......... 34.5] 3.2] 18.8 | 41.2 4.6 0) ea] Bee Eee ee TBA lye I eee eb oat 
198-15-3....-..-- 27.4 | 7.8] 16.0 | 34.1] 11.6 0 | 14.8 | 17.9 1.7 | 13.9 | 16.2 | 14.6 8.5 
HORS 19 “Be cs occ] 52-25 3.5 | 17.0} 26.3] 9.5 CO (ie eee eee rere 1 CE tl Saar ease eee. 
Una daees eee 24.0) 4.1] 12.7] 16.4] 3.3 0) MCE eee ee oe} UUs osedlbeee es 
TAQ Se to aostulie Anan ldeO {40-0 5.0 0 8.6 | 29.3 3.5 | 14.5 | 18.0 | 16.6 9.6 
WAV Grimace ask e Soa daleseran el. One dOsda ites 0} 19-3 | 36.2 | 3.5 | 12.6 | 16.5 | 17.5 10.2 


The average yields of the two white-glumed selections, Nos. 198—7-3 
and 198-15-3, during the 9-year period are 16.3 and 14.6 bushels, 
respectively. If the yields recorded for these two in 1908 and 1909 
are taken as the yields of the two black-glumed selections in the 
same years, their average yields are 16.0 and 14.7 bushels, respectively. 
Although the annual yields of the members of these two pairs varied 
greatly, the 9-year average yields of the two selections bearing the 
same numbers but having different glume colors are seen to be 
practically identical. The 9-year average yield of selection No. 240 
is 16.6 bushels per acre, almost exactly that of the selection No. 
198-73, both black glumed and white glumed. 

The 6-year average acre yield of selection. No. 240-6 in the years 
1911 to 1916, inclusive, was 16.8 bushels, while the average yield of No. 
240 itself was only 15.6 bushels in the same six years. All these 
average yields are much lower than those of Dwarf milo, milo, White 
milo, or feterita, and somewhat lower than those of White durra, the 
average yield of which was 18.7 bushels per acre in the same period. 
The yields of the durra-kafir hybrids are very irregular, although their 
variations correspond in general with those in the yields of other 
groups. In 1911 the yield of the black-glumed No. 198-15-3 equaled 
that of the best milo, while No. 240 surpassed it by some 7 bushels. 
In 1914, an unfavorable year, four of the six surpassed the best milo 
in yield, but in 1915, a year of abundant rainfall, the best of these 
fell 31 bushels behind the best milo. 

The relatively low average yields of these hybrids are due in part 
to their comparatively poor yields in 1915, when bumper yields were 
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obtained from most varieties. This was due to a considerable extent 
to their location on a part of the farm exposed to the ravages of 
sparrows, by which much of the seed was destroyed. In 1908, a 
good year, their yields compared well with those of the other varieties. 
On the whole, however, their performance has been disappointing. 


COMPARATIVE YIELDS OF THE MILOS AND DURRAS. 


Table XVIII compares the annual and average yields of the leading 
varieties of the milo-durra group. The data cover 5 milos, 5 Dwarf 
milos, 1 lot each of Alba (White) milo, feterita, and White durra, and 


6 durra-kafir hybrids, a total of 19 lots. Of these, 13 have been. 


grown during all years and 6 during only the last seven years. 
Among the six subgroups, Dwarf milo is seen to lead, with average 
acre yields of 26 or 27 bushels. The Standard milos and Alba milo 
and feterita come next, with acre yields varying from 20 to 23 bushels, 
in round numbers. Below them rank the White durra and durra- 
kafir hybrids. As noted previously, the average yields of the last 
named probably would have been higher if they had not been seriously 
attacked by sparrows in 1915, the year of very high crop yields. 


TasLeE XVIII.—Annual and average acre yields of the leading varieties and races in each 
of the subgroups of the milo-durra group of grain sorghums grown at the Amarillo Cereal 
Field Station vn all or most of the nine years from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Annual and average acre yield (bushels). 
} . 
Variety and C. I. No. 7 years, 9 years, 
1908 | 1909 | 1910 | 1911 1912 | 1913 | 1914 | 1915 | 1916 | 1910 to) 1908 to 
1916. | 1916. 
Milo: 
Ue cuso sad sconeoes |Saeeuesline anaes 19.0 | 28.2) 32.1 0 8.3] 56.2 G63) 2150 Seer 
27 AR AlN a eas Al eae 37.4] 16.5] 18.8] 24.4] 23.6 0 12.8] 64.8 7.6 | 21.7 22.9 
Oo Rey neeie spats sae 30. 4 3.6 9.8} 30.1) 33.0 0| 10.7] 60.0 6.6 | 21.5 20. 5 
PRY baie cid amare 43.2 5:8 | 18.2) 33.3] 23:3 0| 14.8] 586 6.9 | 22.2 22.7 
7S Base Seo eee Saceoee saaecer 18.9 | 39.3} 11.9 0 8.4 | 67.6 COO aA tee eve a 
Dwarf milo: : 
NAG) Pa oss kicyate sel @ 42.6 |@12.4 | 420.8 | 636.8 | 613.3 0| 30.0! 74.1 7.61 26.1 26.4 
ORME te naa oeiaet| Seeeicice lee eres 18.6 | 38.1 11.2 0} 31.0) 62.7 O59) Re 24 eRe 
Bde exe seeeeeceisys 639.5 | ¢14.3 |}018.5 | 37.4] 24.0 0} 30.0} 70.3 Of | 22 27.1 
SAE eee ees lence oa eer 18.2 | 38.9] 19.1 QO} 27.1) 72.4 \) 103°) 26.6 |2.. 22: 
Bee oR EEO BUS Seaeee |Geiarda besos 20.0 | 37.3] 34.6 0}. 16.2] 68.3 8205)|p 226545) |e nee 
Alba (White) milo: | 
G42 Oe TOS sna e noses tee eee momeene } 16.9) 37.5 15.8 Of 11.4] 59.3 AS)! 2058! | ee 
Feterita: 
LS Die (ses ke feiserne 40. 2 9.3 14.7 | 31.9] 24.5 0; 18.5) 52.1 14.5 | 22.3 22.8 
White durra: 
3 Uo Se eee ener 35.7 7.7 10.0 | 26.4 | 24.3 0} 22.4} 36.9 4.5) 17.8 18.7 
Durra-kafir hybrids: 
Black glumed— | 
198-7-8....... 22) 4110 2.8 9.1 30. 2 3.0 0} 16.2) 34.5 (.2.)| 14.3 16.0 
OS KO ee eel eee fall 7.8 5.4 | 39.9 4.1 @| 20.7) 24.5 2.4] 13.9 14.7 
White glumed— 
aio Sopa 41.0 2.8 | 21.2)) 28.2 6.0 0 13.8} 28.1 5.7 14.7 16.3 
IWS, Soe ae 27.4 7.8 | 16.0} 34.1 11.6 QO} 14.8) 17.9 1 Cl Wend RS 14.6 
ZAQ Reiss aha 35.7 4.2) 17.0] 46.1 5.0 0 8.6 | 29.3 3.5 | 15.6 16.6 
ADO et ano 35.7 4,2} 17.0} 30.3); 11.5 0} 19.3} 36.2 3.5 16.8 | 17.5 


a Average of three plats. b Average of two plats. e Average of four plats. 
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Tue Karin GROUP. 


The kafir group already has been described and the leading varie- 
ties separated by means of asimple key. They are the largest plants 
and the latest in maturing of all the groups. While there is con- 
siderable difference in size and earliness between the different varie- 
ties of kafir, none of them is both as dwarf and as early as some vari- 
ety in each of the other groups except, perhaps, shallu. In most of 
the southern Great Plains area, the kafirs were the first varieties to be 
extensively grown. 
In Texas the milos 
probably had the 
start of the kafirs, 
but in Oklahoma 
the widespread pro- 
duction of milo has 
been a more recent 
development, while 
in Kansas milo is 
scarcely yet a com- 
petitor of kafir. 
Heads of four vari- 
eties are shown in 
figure 8. 

The results ob- 
tained from the vari- 
ous kafirs are shown 
in Tables XIX to - 
XXX, inclusive. It 
will be noted that, 
on the -whole, the 
kafirs have made 
their good yields in 


years of normal rain- 
fall and have yielded Fic. 8.—Heads of four varieties of kafir: A, White kafir; B, Guinea 
little in years of de- kafir (Guinea corn of the West Indies); C, Blackhull kafir; D> 


5 Saas : Red kafir .(About one-fifth natural size.) 
ficient precipitation. 


Since corn can not be grown at all under these conditions, it is no 
disparagement to the grain sorghums that some are less adapted than 
others. Each variety or subgroup of the kafirs is considered sepa- 
rately, and the results obtained are shown in separate tables. 


BLACKHULL KAFIR. 
The number of different lots and selections of Blackhull kafir 


which have been under experiment has decreased from 19 at the 
beginning, in 1908, to only 5in 1916. They vary little among them- 
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selves, either in height, or earliness, or in producing power. A plat 
of Blackhull kafir is shown in figure 9. 

Table XIX shows that in fairly normal seasons, such as those of 
1908, 1911, and 1915, this variety requires about three months to 
reach the heading stage and nearly a month more to ripen, making 
the total duration of the growing period 115 to 120 days. The 
shortest period recorded is 107 days, for No. 207 in 1908, and the 
longest is 150 days, for three selections in 1915. Drought may 
shorten the vegetative period slightly by checking growth and so in- 
ducing heading. On the other hand, drought may greatly lengthen 
this period if it becomes so severe as to inhibit growth altogether 


Fig, 9.—-A plat of Blackhull kafir, C. I, No. 203, at the Amarillo Cereal Field Station, September 10, 1907- 


until rains occur. This condition occurred in 1916, when the average 
duration of the vegetative period alone was 128 days and none of 
the five selections matured. 

The normal height of these varieties under Panhandle conditions 
is about 5 feet. Drought in early summer reduces this height mate- 
rially. For instance, in 1910 to 1912, inclusive, the average height 
was between 4 and 4.6 feet. In 1914 and 1916 the average height 
fell below 4 feet, while in 1913 the crop was destroyed by drought at 
an average height of only 2 feet, mostly without producing any heads. 
In 1915, when the total precipitation was much above normal and the 
highest yields yet recorded were obtained, the average height was 
only 5.1 feet. This was due, however, to a somewhat reduced rain- 
fall in May and June, while growth was being made, and super- 
abundant moisture thereafter while the grain was being formed. 
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Taste XIX.—Agronomic data for Blackhull kafir grown at the Amarillo Cereal Field 
i Station during the 9-year period from 1908 to 1916, inclusive. 
; [In the statement of yields per acre the bushel is rated at 60 pounds. ] 
Row space. | Length of period. a Seed in— Yields per acre. 
Ee a 
ms a Fah | ; 
o 
. 2 = Bes ma o = 5 e 
g a & = -— 5 oO & a) DB = 2 5 
reel yale eS cle sme leprae) SP bara he Pee ff 
= oO = =) =| & i o = oS iS) i) ey 
Ay a > eo) a Rn a an) an) 6) isa a ca n 
1908: Ins. | Ins. |Days.|Days.|Days.| Per ct.| Per ct.| Feet.|Perct.|Perct.|Perct.| Lbs. | Lbs. | Bus. 
aa Wha | 7) 9i 24) 115 SON sae se ienenn a Pek fea Le seme ee ae 42.2 
ae 12.0} 8.7 82 30] 112 D50l |S Sees Ree eee ea SULA seach 31.4 
2a r30n\ te Di) peeepte| Comme Steere take san ee Se 
84 28} 112 BUM Be secell ei a3-||Gasoae aeacetd termes 28.6 
84 28} 112 De all Beane |S cemepnrena| Bentsen | Nee as we |e: Seb CoCo 
84 28} 112 DSO sue | oe ee | eee ee ee A Re 27.2 
76 31 | 107 SHG tees a Iseeosc Gece bececoe meeeace 32.6 
90 25) Liss) ae) eee (Ui es Sete ee pencil | eae ed erect [Ome ae al a 
pa 8.8 90 BONE ZO HS SRO ee 0-102 | a ane Set eek Se ae aN hy ee |B 4eD 
ages F 8.0 90 PEN WNT WES ME Ch Ne rel Re een Me eel a esa eee eg [Rae mel Da. Ly 
2 re eae A me oral ee iN 7 af eee SIGN Sct ee lle ANI IME nll Me 
Cae aoe] SH Seon em G0!) 282s) | O72ON memes 5.15 Ca Sale eer reals ele ed 3780 
tn ae AED | Sal 92 OAT) | pe TS. =] MRE Pete ey eae cl | | RE EE aa Ney fa 
ee * PBB EB el ip ZN Ve MIS TS 8 8) UNG a Pe a a PP ae bea <3 
ee 12.8| 8.5 91 PA MAD EBS) 1 fe ons 1 EER e| (eee teat ec LA bh la a Jeet pe VER 117 / 
BER IE, HOM eae Otel 626))| 1071 SGeat eee. D |. Sok W| SST RNS Tate od Bes SPT Cl BANG 
es Soe TS 720 91 PRN es Ua RP) | 2 Se. <j Baal | epee eee |e RR | |e a eee ao a) 
- ood ael eee ae COL Nise | SET IS so 2 8 PAR yl | Ve i Rl Wee a 
"cae one (eal) || ee el Te), Miteese, ||.” pal Ag Pe ed bl Laer (Dn Ieee ee 
12.0 | fas sive | 27-1 | 115) | ara 6.6/5 ee ox eelbod e ae eae meee 33.8 
11.8 | OWA toss eee las ne se TEES} | esas ea ee me | ea | al Dr aes 3.5 
12.1 10.4 OTA betel aeken 14 On Peres lie aa elt SIS aera es re ae as Sek ONO. 
12.5 | 10.5 cits] Ba amtel eeerere 1133 (0) s52.20 || Sead WESee emiceel ismeee reeset lattes = 10.9 
12.0} 9.9 CY  Seetedl seasense LRT |e ee cs SSCL a eee ance Se SR ese eee 5.6 
12.0 | 10.1 isl bebeeel See GE SYS | emer fs chal tip | EG ka ae | Nee 4.3 
12.0 | 10.6 O6e haere Slsaacns Ie conllaeeeed Home see epee cael [es ea) Ho tie Perel ee tea a 3.4 
11.6 | 10.2 OS ee eeeel Spee IPE) A on -| SQ BEES BESSee bececee Secceed BeaEcae 4.9 
12.9 | 12.1 Sin Wises Mies. cee P89) Nic iene =f Seer eer ysis) apseseete| [cea a eas ot eee Pee ee 10.7 
4320) ) 11-1 , Wot 
14.0 | 12.2 5.2 
S58) | 1H s 3.9 
11.9 | 10.1 7.0 
Average..| 12.4} 10.7 | 92.4 |-.--..]..---- ASS Oh meee | tenet | nae lie lee rilidleace Upc Le be a 5.9 
19.3} 9.1) @91 SON SO) poonO) | aeenee 0 
17.6| 9.3| @81] 43] 1241 47.0|...... 4 
Aon atts) | 107] 36'| + 143) | 4258 |saeae 5 
20.7} 10.0 | 276 ASN iAZ4 5 lia eae .0 
Figo) ets 4s | a 81 | 43)| 194" | 4879 sees 4 
22.3) 11.5] 291 38) | 129 | 48) 6:2 2255. .6 
19.7} 10.2 | @90 35) |p 128nt48e sale ae oul 
48.0] 19.6 | 293 36° | 1297) 5923i heaee 5 
19.2 | 10.3; 791} 39] 130] 46.8)...... 6 
22.5) 12.7} @91 35} 126 | 43.4 .8 
29.2] 12.6] 291] 38] 129] 56.8 .5 
OSE Able |e 91}'. 39)! 130'| Sos ao eee .6 
27.9 | 12.3 | @91 39 130) | b56s0)|2eeee= a) 
21.3 | 9.7} 290 33 123 | 54.4 ]...... a) 
24.0} 10.7| @90| 39] 129] 55.4].___.. 3 
23.7 | 11.4 | 89.6 | 38.8 |128.5 | 50.9 |...... A |) eal crea ene ne Sy LUI cE 2.9 
8.3] 4.8 89 35)||) 124) 42567 see 4.5] 34.0] 19:8 | 58.1 | 8,839 | 2,739 | 26.5 
ee eS OG! 28) 1 1949 |/45 855 | ee 4.5 | 25.5 | 12.1 | 47.3 | 8,379 | 2,139 | 16.9 
E.8 | doa) Ry aval Teepe Tey) 5.0 | 29.7 | 14.7 | 49.4 | 7,744 | 2,304] 19.0 
6.0) 4.1 89 35 1p 124) S15 on eee 5.0 | 31.8 | 15.2 | 47.8 | 7,949 | 2,529 | 20.2 
EO) Ze SOP Bal BE Bue ie =F 5.0] 27.5] 11.7 | 40.3] 5,800] 1,695} 11.4 
Se Sues) 90s 128i) 124) Abn eae 4.5 | 28.1] 14.0] 49.8] 7,932 | 2,232] 18.6 
Gaal sas 96s 28 bods eA Te On ene 4.5] 21.5| 7.8] 36.5] 8,901 | 1,921} 11.7 
FAG enSe5) (p96) 28) 15 1241103756) | meee 4.5| 17.9] 6.9] 38.5] 9,291) 1,671} 12.4 
re Paligiae G3| 0 95) 80/4254) 5169) eee 4.5] 18.3] 5.9] 32.3] 9,612] 1,765| 9.5 
9.9} 7.0} 86] 46] 132 | 29.0]_..... 4.5 | 37.3 | 23.0 | 61.7 | 5,360 | 2,000| 20.6 
SUCH eS ili SS). 445 |) 132 1 3224) | eae 4.5 | 35.8 | 22.8] 63.6 | 5,520 | 1,980} 21.0 
HEE FES VERE AVE BR BYE eT o 4.5 | 38.9 | 26.4 | 67.9 | 5,340! 2,080! 23.6 


a First and only heads. 
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TaBLE XIX. —Agronomic data for Blackhull kafir grown at the Amarillo Cereal Field 
Station during the 9-year period from 1908 to 1916, inclusive—Continued. 


NOWWNABWWNROLNW ON 


Row space. | Length of period. a Seed in— Yields per acre. 
(=| . 
: a | 6 
Year and C. I. # A hes il eas a 
alg | S| eu ileweml ee alepsea| cee leseay aie rales IM ed eatin al aaa 
tee Pee eel (Cae I oe pe [gs el Se fa ee ie ace: 
& sg © = S 3 ® oO oO © o ° ® g 
a | a > | & |e nD G)/H)H ]o ss a sa n 
1911—Contd. | Ins. | Ins. |Days.|Days.| Days. | Pei ct.| Per ct.| Feet.|Perct.|Perct.|Perct.| Lbs. | Lbs. | Bus. 
6b ee acess 12.1} 7.1 88 44) 132 | 41.1]..-.--- 4.5 | 32.2 | 21.4 | 63.0 | 5,995) 1,975] 21.4 
Bee eee 13.2] 7.3 86 46] 182 | 44.6 ]-..-.- 4.5 | 41.2 | 27.6 | 66.9 | 5,179 | 2,139 | 23.9 
800-% 452-5 11.3} 7.0 88 44) 132 | 39.1]..-.--- 4.5 | 36.9 | 24.8 | 67.2 | 5,839} 2,159 | 24.2 
Average..| 8.6] 5.4] 90.4] 36.8] 127 | 37.1 ]-..---- 4.6 | 30.4 | 16.9 | 52.7] 7,125 | 2,088] 18.7 
1912: 
(et eee 10.5] 5.5] 289 51} 140] 47.2 | 22.8) 4.3] 7.8] 4.2 | 54.6] 6,620 520 4. 
SS Sas 11.3) 5.8} @89 51] 140 | 48.7] 23.0] 4.3] 8.0] 4.4 | 54.8] 6,200 500 4. 
204 Se eosre es 9.9] 5.2 96 39 | 135 | 46.7 | 53.3 | 4.3 | 29.2 | 11.0 | 38.0 | 4,980 |61,440 ih 
O05 oo Seca 10.6} 5.8 96 39} 135 | 49.2 | 34.6] 4.3 | 22.0] 5.9 | 26.7] 4,390 978 4. 
20s eeeree 10.6} 5.6] 100 40| 140 | 47.7 | 37.2 | 4.0 | 23.7] 6.1 | 26.0} 4,340 |61, 033 4. 
ZNO eee eae 9.7] 5.7 | 293 47} 140 | 41.3] 15.6] 4.3] 5.2] 2.9 | 57.5) 6,140 320 3. 
Pt ee ee 9.2} 5.1] @89 51} 140 | 44.7] 14.6) 4.3] 4.0] 2.3] 58.5] 6,818 278 2; 
OO See eee 9.3 | 5.6] 289 51} 140 | 39.7] 21.0] 4.3] 6.7] 3.9] 58.3] 5,895 395 3. 
Boose es Sesaise 8.4] 5.8] @89 51] 140} 30.9] 11.7] 4.3] 4.8] 2.6) 55.0] 5,720 280 2. 
Joo see ase 7.6| 5.5] @89 51} 140 | 26.9] 17.0] 4.3] 7.4] 4.4] 59.5] 6,180 460 4. 
Eby Paenspaae 9.6] 5.6] @89 51 | 140 | 41.4] 26.0] 4.3] 7.6] 4.3] 56.8] 6,580 500 4, 
Chi eae sees 9.9| 5.5] 289 51 | 140 | 41.2 | 21.9] 4.3 |- 6.7) 3.8] 57.2 | 6,755 455 4. 
330 ee Sees 11.2} 5.5] @89 51] 140 | 51.0} 15.2) 4.3] 4.3] 2.1] 51.1] 6,395 275 2s 
7 3 eee ae 14.3} 6.6 99 40} 139 | 53.7] 47.6 | 4.0] 18.7 | 10.7 | 57.4 | 3,815 715 6. 
ohh eseaooue 12.4} 6.3] 288 51] 139 | 49.0] 15.9] 4.0] 6.3] 3.6 | 56.8 | 5,295 335 3. 
Average..| 10.3 | 5.6] 91.5 | 47.6 |139.2 | 43.9 | 25.1] 4.2 | 10.8] 4.8] 51.2 | 5,741 565 4.3 
8 | 
5.8 
4.5 
4.4 
5.0 
5.5 
5.9 |. 
4.2 
5.4 
6.2 
5.1 
5.2 
9.2 
4.4 
4.9 
5.9 é 
SA | eel eee lire earl ere ee "8350 |iegol5- 220))|5 5 Scie sls cclee|scsrae llige cee sales eee 
8.4 82 36 | 118 24.2 | 60.4; 4.0} 30.6} 16.5 ]...... 5,100 | 1,560 | 14.0 
6.1 82 297 LL S(Al Daou) oxe|eeece 1D) eee se 5,120) ee - 22-1) 10am 
6.9 82 290\\ | 25.69 |5bs07b aoe seeee eS eee ae 4,720 |..-.---- 10.0 
7.9 82 36] 118 | 16.5] 51.2] 4.0) 26.0) 14.5].__... 4,680 | 1,220| 11.3 
8.0 82 36} 118 | 34.4] 46.7] 4.0) 22.5) 12.6].....- 4,440 | 1,000 9.3 
5.1 87 31] 118 | 36.6] 28.6] 3.8) 13.9) 7.9)...... 4,020 560 5.3 
7.1 | 82.8 | 32.8 | 115.6] 24.8 | 49.4] 3.9] 23.2 | 12.8 ]_.._.. 4,680 | 1,085 | 10.1 
6.6 91 59 | 150 | 35.7 | 94.3] 5.3 | 42.2 | 31.2 | 73.0 |12,320 | 5,200| 64.0 
8.6 87 49 | 186] 15.7 | 92.4] 5.0] 38.6 | 29.6 | 76.7 | 7,760 | 3,000] 38.3 
8.6 87 54] 141 | 43.1] 93.5) 5.0] 42.1) 30.0} 71.3] 7,120] 3,000] 35.7 
6.9 91 59 | 150 | 33.0] 97.0] 5.0} 45.3 | 32.6] 72.3 |11,460 | 5,200} 62.7 
5.3 94 56 | 150} 48.3 | 82.0] 5.3] 42.0 | 31.2 | 74.4 |10,280 | 5,160] 64.0 
8.7 87 52 | 139 | 49.6] 98.9) 5.3] 53.5 | 39.4] 73.7 | 7,100] 3,800] 46.7 
7.4 | 89.5 | 54.8] 144 | 37.6] 93.0] 5.1 | 48.9 | 32.3 | 73.6 | 9,340 | 4,226] 51.9 
10.0) 128 34.0 | 34.3 | 3.5 
Uc 2 p 36.2 | 30.2} 3.5 
8.9| 198 |}Did mot.) 34°3 | 28,4 | 3.5 |tNo yields. 
6.4 | 128 ure-1| 30.0 | 24.2 | 3.5 
8.5 |. 128 39.5 | 50.8] 4.3 
Average..| 12.7 | 8:3 | 128 |......]....2- 34.8 | 33.6 | 3.7 


a First and only heads. 


b Machine headed. 


ee 
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The stands obtained vary somewhat with the conditions at sowing 
time. Hither a cold, wet spring or an extra dry soil may reduce 
germination and consequent stand. The distance between plants 
in the Blackhull kafir varied from about 8 inches in 1911 and 1913 
to 9, 10, and 12 inches in all the other years except 1910, when dry 
soul reduced germination and so doubled the average plant space. 

The average stalk space is governed by conditions occurring 
during the vegetative period and determining the formation of 
suckers. In general, about one-third of the total stalks are suckers, 
making a proportion of 2 main stalks to 1 sucker. In 1909 the 
spring drought reduced the percentage to about 14, while in 1910 the 
May rains combined with thin stand induced vegetative growth 
until half the stalks were suckers. Both these were years of drought 
which reduced the yields almost to the vanishing point. It will be 
noted that in the dry year, 1912, when the spring rains were suf- 
ficient to produce 44 per cent of suckers, only 25 per cent of all 
stalks were able to produce heads. 

Taste XX.—Annual and average yields of standard Blackhull kafir, Sunrise kafir, 


Dawn (dwarf) kafir, and White kafir grown at the AmarilloCereal Field Station during 
periods of varying length in the nine years from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 pounds.] 


Annual yields (bushels). Average yields. 
| } | | 
Variety and | | 4 6 8 
C. I. No. | years, |years,|years, 


9 years, 


1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 } 1915 | 1916 | 1910 | 1908 | 1969 1908 to 1916, 


to to to 
1913. | 1913. | 1916. 


Standard 
TEES. ae AQS2 i 3.5 1.0] 26.5| 47 
Gy eee 3) ee eee 1.4) 16.9| 4.6 
pees Abs 31.4 |10.9| 5.5|19.0); 9.2 
ZOE aoe SS = 6] 5.6| 4.0] 20.2} 4.4 


PINON coe 
DD ONT ox 


Oo ee Bool dard Wada | 21.0) |) 40% 0} 9.3 | 64.0 0} 7.3 | 12.5 | 13.8 | 16.5 9.9 

Chit: eyes 3 PA ORO PSEG I 2h83 (1) || clean Pe aha Sen COs ey Mn | | yee tes | re rr 

5h! Ee ee BAOuesa Oe || Pano eal | 23 (0 | ae Pear ces [ae GiGi r1OLSs|hase ee |e sale eee 

Bed tae aes 33.3 | «0 | 2:5 | 23:9-| 6.8 0} 5.3 | 46.7 (|) S583 jf TBST aay) TBE See 

BOD meee eee meee Salsas ante 4.3.) 24.2] 3.2 @) || ee eee celleccaed TO Sea eae Beeece 
SHGMESES ff Let As a a aT | eee || a Ree ae) Ce cee | es aval | ee i 

Bl 2s sreeeee | wala 10.8 | 7.6 | 21.4] 8.0 Ove10: 4.) S650) 2 (9o3a |= OSs oe- 25 IG SCEN ER ee bdeaee 
Dawn 

B10 a jeecec 29.0 | 14.4 | @9.3 (a34.9 | a9.6 0} 14.7 | 53.3) 3.7 | 13.5 | 16.2] 17.5] 188) 11.3 
White 

CLARE ee ee re 8.7 | 10.1 | 26.3 | 16.5 (0))) ly ee ec 6h Fo eae eos asol ler eer iomecec 

oy Ce acenHNe Soeeee Boaeee 8.8 | 23.7) 13.5 () |) TEBBIINBYASIT ZEOW iG las) es eee a oe ee joredeciinaacse 


a Average yield from three plats. 


A study of the annual and average acre yields, as given in Table 
XX, is very interesting in the light of the summary of climatic 
conditions given previously. In two years, 1913 and 1916, abso- 
lutely no yields of grain were obtained. In three years the average 
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yields were between 3 and 6 bushels per acre. In two years, 1911 
and 1914, small yields, averaging 18.7 and 10.1 bushels, respec- 
tively, were produced. In 1908 there was a full yield, 33.8 bushels 
per acre, while in 1915 the very large average of 51.9 bushels was 
obtained. The average annual production in the entire 9-year period, 
based on a total of 109 plats grown, is only 12.3 bushels per acre. 
The highest average acre yield, in this period, is 17.3 bushels. Two 
other lots grown in all nine years yielded 16.9 and 16.5 bushels, 
respectively, while the average yield of five lots is 15.3 bushels. 

The comparatively low returns given by the standard forms of 
Blackhull kafir led to efforts for improvement through breeding. 
The Early, or Sunrise, kafir, and the dwarf variety discussed next 
in order are two of the varieties resulting from the breeding opera- 
tions. Both have yielded better in the years in which they have 
been grown than any of the older forms, as will be seen in Table XX 
and again in Table XXX, where the annual and average yields of all 
leading kafirs are summarized. 


SUNRISE KAFIR. 


The Sunrise, or Early, kafir (C. I. No. 472) was developed from a 
single head, which bore the selection number 30. It was selected in 
the autumn of 1906 by Mr. A. H. Leidigh, then superintendent of 
the Amarillo Cereal Field Station. The Dawn (dwarf) kafir (C. I. 
No. 340) has been developed from the same head, the exact origin of 
which is not known. Probably it was selected in one of the Black- 
hull kafir plats on the station at Amarillo, or at Channing, Tex., 
where the station was located previous to 1906, but it may have been 
found on some near-by farm. . 

Head No. 30 was used to sow a head row in 1907. The resulting 
plants were like ordinary Blackhull kafir in nearly all respects except 
earliness and stature. This row was heading on August 14, while 
none of the other selections headed until August 26, or 12 days later. 
In height, row 30 varied from 3.5 to 5 feet, while the other selections 
ranged from 4.5 to 5.5 or 6 feet. The heads were compact, but not 
completely exserted from the upper sheath. The glumes were black, 
and the kernels apparently were a little longer than those of ordinary 
Kafir. 5 

The earliness and variable stature, as also the scarcely exserted 
heads, indicate hybridization. Since the plants in other respects are 
so typically Blackhull kafir, the hybridization must have been be- 
tween that variety and another having very similar characters. 
Among all the grain sorghums, only White kafir could impart earli- 
ness, dwarf stature, and shorter peduncles to Blackhull kafir without 
changing its other characters. It seems safe to conclude, therefore, 
that we have here the progeny of a chance hybrid between Blackhull 
kafir and White kafir. 
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Six heads were saved from this head row of selection No. 30. The 
seed from these heads was sown in 1908 in six head rows, numbered 
30-1 to 30-6, inclusive. Later in the year Cereal Investigations No. 
340 was given to the selection No. 30. Two of these six rows, Nos. 
1 and 2, proved uniformly dwarf and early, and heads selected in row 
1 have been the progenitors of the Dawn (dwarf) kafir hereafter con- 
sidered. Rows 3 to 6 were all early, but heterozygous for height. 
Row 4 contained both tall and dwarf plants, but was most uniform 
* in other respects. Heads were selected from the tall plants. Rows 
3, 5, and 6 were discarded. 

In 1909 five head rows were grown (C. I. No. 340-4-1 to 5). These 
all bred fairly true to the tall early type, though contaming some 
dwarf stalks. Heads were selected from both tall stalks and dwarf 
stalks. Their records in the plats begin with this year. 

In 1910, seed from heads taken from tall plants was sown in 10 
head rows (C. I. No. 340-4Bt-1 to 10). The resulting plants were 
nearly all tall, though a few dwarfs appeared again. The average 
height was 5.3 feet. The tall and early selection being now fairly 
well fixed, it was given the distinct number C. I. No. 472, and later 
named Sunrise on account of its earliness. Ten head rows (C. I. No. 
340-4Bd-1 to 10) also were sown with seed from the dwarf plants in 
No. 340-4 of 1909. The plants in these rows were all homozygous for 
dwarf stature and differed not at all from those grown from the seed 
of No. 340-1 or Dawn (dwarf) kafir. 

Like all the other kafirs, this selection did not produce heads in 
1913. In the other seven years the average duration of the vegetative 
period has been 88 days, of the fruiting period 36 days, and of the whole 
growing period 124days. Blackhull kafir did not mature in 1916, and 
the record of Sunrise is not complete in 1909, so that comparison can 
be made only for the five years, 1910 to 1912, 1914, and 1915. In these 
five years the average duration of the three periods in Sunrise kafir 
was 85.6 days, 38.6 days, and 124.2 days, respectively. In Black- 
hull kafir the average duration of these periods in all selections was 
88.8 days, 42.2 days, and 131.0 days, respectively. This shows an 
average shortening of the growing period by 7.5 days in favor of the 
Sunrise kafir, which is an item of much importance in districts where 
the season is fairly short and summer drought is of frequent occur- 
rence. 

The complete experimental data are found in Table XXI, a study 
of which shows that fairly good germination and good stands were 
obtained in all eight years. The closest spacing was one plant to 
each 4.7 inches, the widest was one plant to each 17 inches, and the 
average was one plant to each 9.2 inches in the 8-year period. In 
the very dry spring of 1910, when poor germination was recorded 
from nearly all varieties, the plant space in Sunrise kafir was 17 inches. 
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In the wet spring of 1915, however, when the average plant space 
in all selections of standard Blackhull kafir was 23.7 inches, the space’ 
in Sunrise kafir was only 10.2 inches per plant. 


Tasle XXI.—Agronomic data for Sunrise kafir (C. I. No. 472), grown at the Amarillo 
Cereal Field Station during the 8-year period from 1909 to 1916, inclusive. 


AL [Im the statement of yields per acre the bushel is rated at 60 pounds.] 
Row space. | Length of period. Seed in— Yields per acre. 
2 
sb 5 3 
A vos ° 
Year. bb zE As a 
§ ; iS) ; ° q ° 
; 2B op a a co ae 
BAe AV tea (a) oe alee teesres aa Ob tanec ee BN Seni) ae po 
Oo 5=| 
Ay n > <3) a n jos) |) ee oO jee] a ica RD 
Ins. | Ins. \Days.|Days. Days.| P.ct.| P.ct.| Feet. | P. ct.) P.ct.| P.ct.| Lbs. | Lbs. | Bus. 
1909: See ee Ss 12.3 | 10.6 GG EBPs eerie TSS || COs |eogarclbsoesalisosoa- GYD Mae sorte | emcee 10.8 
dy KORE ae ae 17.0] 6.6 90 37 | 127 | 61.4] 49.4 | 5.3 | 26.5 | 10.1 | 38.6 | 4,485 {1,178 7.6 
EO) hh eS a 4.7 3.0 82 41 WPS || Bf} lescace 6.3 | 31.1 | 14.6 | 47.1 | 8,716 |2, 716 21.4 
TOUD Les: See 6.5 | 4.2 95 39 | 134 | 35.9] 46.9] 5.0] 24.3] 8.8} 36.5 | 5,380 |1,313 8.0 
1OISU aes eed Bees bosocslaanse lenbate BY feille| | Sescnic i OT SU ore SIRS ak a aren | a eae | ER | 
LOLA Sate ee. 8.2 4.6 77 29 106 | 44.4 | 51.2 Al On. Cheers AD eres tele 4,400 |..-.-- 10.4 
OVO ose oe 10. 2 4.9 84 47 13h | 52.4 | 90.2 5.5 | 42.1 | 30.7 | 73.0 {10,920 |4,600 | 56.0 
TOUGHER se ets 9.1) 4.4] 107 BAL | 143 |) Gilst3) || CEB AO Nececcclesaoscloosace 9,000 |...--- 9.3 
Average..| 9.2 5.2 88 36 125} 1) hl |a63s6c A By eck: SEEN RASS ae aa el eae ae 15.4 


The average stalk space varied within much closer limits than 
did the plant space. The closest spacing was 3 inches, the widest 
was 10.6 inches, and the 8-year average was 5.2 inches. This is 
a very uniform spacing over a period of eight years and also a very 
close average spacing for a kafir variety havmg an average height 
of about 4.8 feet. In general, the tillermg was proportional to the 
stand. The proportion of suckers varies from 13.8 to 61.4 per cent, 
the average being 41.6 per cent, or about one sucker to each 1.5 
main stalks. 

The average acre yield is 15.4 bushels in the 8-year period, as 
seen in Tables XX and XXI. During the same eight years the 
average acre yield of five selections of Blackhull kafir was. 12.7 
bushels, and that of the best one was 14.3 bushels. In 1913 none 
of the varieties produced any yields whatever, and in 1916 the 
standard Blackhull selections produced no gram, though Sunrise 
yielded at the rate of 9.3 bushels per acre. In 1909, Sunrise tied in 
yield with the best Blackhull kafir, and in 1910 it outyielded all 
Blackhull selections. In the other four years Sunrise was exceeded 
in yield by one or more of the standard selections, but never by the 
same one in all years. These comparisons can be seen to better 
advantage in Tables XX and XXX. 


DAWN (DWARF) KATIR. 


The origin of this dwarf race (C. I. No. 340) has already been 
stated under Sunrise kafir, the two having developed in 1908 from 
selection No. 30, grown in the previous year. The chief difference 
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between the two is in height. The original head row of No. 30 in 
1907 was heterozygous for stature, but of six head rows grown from 
it in 1908, two were uniformly dwarf and probably inherently so. 
In 1909, 10 head rows were grown from seed of row No. 340-1 of 
1908. All the rows were uniformly dwarf and early. To test the purity 
of this progeny in regard to dwarf stature, 10 heads were selected 
from the tallest of the dwarf plants and 10 from the lowest. The 
average difference in the height of the two sets of parents was about 
6 or 8 inches. In 1910 the seed from each lot of heads was used to 
sow 10 head rows. There was absolutely no difference in the progeny 
of the two lots called, respectively, Nos. 340-1—Ad and 340-1-At. 


Fic. 10,—A plat of Dawn (Dwarf) kafir, C. I. No.340, at the Amarillo Cereal Field Station, August 17,1915, 
yield, 68.3 bushels per acre. 


For six generations since, or nine in all, this race has bred true for 
dwarf stature and earliness. A plat of Dawn kafir grown at 
Amarillo, Tex., in 1915, is shown im figure 10. 

The number of plats grown im each year in the 9-year period 
has varied from 1 to 3, the total number beg 17. Selection has 
been practiced within this race in the hope of obtaining still lower 
stature or earlier maturity, but without special success. The results 
of the experiments conducted are shown in Tables XX and XXII, 
and the annual and average yields of this selection are compared 
with those of other kafirs in Table XXX. 7 

Besides being more dwarf than the ordinary Blackhull kafir, the 
Dawn kafir is also a little earlier, as will be seen in Table XXII. In 
1908, when all varieties developed normally, the difference was 
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about eight days in favor of the Dawn, which gives it about the 


same earliness as Sunrise kafir. 
was reduced to 1 or 2 days. 
year, the difference was increased to 13 or 14 days. 


In some seasons this difference 
In 1914, a dry year, and in 1915, a wet 
Tn 1916, a very 


dry year, the Dawn headed about 10 days ahead of the standard 
kafir and produced some grain, but the standard produced no grain 


whatever. 


Taste XXII.—Agronomic data for Dawn (dwarf) kafir grown at the Amarillo Cereal 
Field Station during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 pounds.] 


Year and C. I. 
No. 


Average. 


Average. 


tow space. | Length of period. Seed in— | Yields per acre. 

Balle a 
ob = gi 
ep a em | 5 a 
: 8b S : F ) ° 
in || eee eS ecl hp Sata Gell a eat [Noam me 

a “4 2 5S a g cS) m | O euler 3 2 ce! 

alla cl Ve meee hops eseh limaes eeu otel Sr ey) basen ies 

im n > HY a n jas) isa) ual 'S) sa a a) n 
Ins. | Ins. |Days.|Days.|Days.| P. ct.|P. ct. | Feet. |P. ct. |P. ct. |P. ct.| Lbs. | Lbs. | Bus. 
14.1] 6.8) 82 25 |107 BL) \eacaac AGH Seen enn ee sie caccc|oceoee aoecce 29.0 
EAS BLOS SNe Ole ee ee ees T5734 7889) asses Eee seer C19) \possoe Beaeeie 14.4 
9.7 
9.3 
8.9 
9.3 
3:4 | 2.6 | 79 46 |125 DASA A tees 5.0 | 36.3 | 16.7 | 45.8 |9,320 |3,390 | 35.9 
9.2.| 4.9 | 77 46 |123 4Gi8cle eee 4.3 | 48.0 | 28.3 | 59.0 |7,491 |8,600 | 35.4 
OMT mreystev | adi 46 |123 LOEB) | eShose 4.3 | 43.3 | 20.7 | 62.3 |7,423 |8,214 | 33.4 
72 Als 77. | 46 (198) 7 | 37/sil 4.5 | 42.5 | 21.9 | 55.7 |8,078 [3,401 | 34.9 
We || 273 Wy Oi 39 |134 32.4 | 61.5 | 3.5 | 46.7 | 17.6 37.7 |3,110 |1, 453 9.1 
8.5 4.9 | 95 39 |134 42.2 | 65.9 3.5 | 34.3 | 14.2 | 41.3 |4,990 }1, 713 11.8 
WaT \\ 4 | 4s 42 |137 39.8 | 52.8] 3.5 | 26.4] 8.3 | 31.6 [5,900 /1, 558 8.0 
7.9 | 4.9 | 95 40 |135 38.1 | 60.0] 3.5 | 35.8 | 13.3 | 36.9 |4,666 1,574 9.6 
Te StS RSD \RSaoaell-oceno Baal Peeeere 11G)3| BRBSAE Beena Banacd SAnese soccse ae-ace 
Sollee SO paler oa eee: 3607 eae TRsh | (RE nO es Pea Ea 
Hoel ZEGr ee WeseeeaCnn ose 20), 55 none TE Biull ees s| as oe | ee eee [eas |e 
Gan 8s | 80m | eee caleeme: 37ea teers Ceol oe lesercc ahr wel eds re | Cie ts | 
eal Get 783 29 |102 VESTA GHEE Be0 ess 16.1 | seseee] 5440) Eee 14.7 
10.2] 5.6 | 81 50 |131 45.3 | 94.8] 4.3 | 49.2 | 36.1 | 73.4 |8,860 |4,360 | 53.3 
9.1} 4.4 |118 26 |144 SOKO DAS Oe Bo: | peeceslacactse lame 5, 200 |-...-- 3.7 


In the matter of germination and stand, the Dawn kafir has been 
comparable to the ordinary Blackhull kafir and to the Sunrise kafir. 
In 1908, the plant space was 14.1 inches and in 1910, a dry spring, it 


was 22.9 inches. 


The average spacing in the entire period of nine 


years was 11.4 inches, which is about 1 inch closer than that of 
Blackhull kafir, but is about 2 inches wider than that of Sunrise 
kafir. The final stand, or original stalks plus suckers, has been 
good. The average stalk space is 6.1 inches, compared with 7.6 
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inches in Blackhull kafir and 5.2 inches in Sunrise kafir. The pro- 
portion of suckers to main stalks has exceeded 1 to 1 appreciably 
only once, in 1910, when the suckers formed 63 per cent of the total 
stalks. In general, it may besaid that the Dawn kafir shows about 
the same reactions to environment as does the Blackhull kafir except 
in the matter of earliness and consequent yield, especially in un- 
favorable seasons. 

The average acre yield of Dawn kafir, as shown in Tables XX and 
XXII, has been 18.8 bushels in the 9-year period, while that of all 
lots of the ordinary Blackhull kafir has been only 12.3 bushels. 
During this period the best lot of Blackhull has averaged 17.3 bushels 
and the average yield of five lots has been 15.3 bushels. During the 
eight years in which the Sunrise kafir also has been grown and com- 
parison can be made, the average yield of the best selection of 
Blackhull kafir (C. I. No. 71) was 14.2 bushels, that of the Sunrise 
kafir was 15.4 bushels, and that of the Dawn kafir was 17.5 bushels 
per acre. It is in the dry seasons that the Dawn shows its signifi- 
cant advantage over Blackhull kafir. In 1908, a normal season, 
the Dawn was outyielded by ten selections of Blackhull kafir and hay 
the average of all. In 1915, an abnormally favorable season, its 
yield was exceeded by those i three out of the six Blackhull sale 
tions grown, though not by the average of all. In every other 
year except 1913, when no yields were obtained from any varieties, 
it markedly outyielded Blackhull kafir. Not only did it exceed that 
variety in average yield, but also in the comparative yield of the best 
plat each year. In fact, the poorest plat of Dawn outyielded the 
best plat of standard Blackhull in every one of the dry seasons. 


WHITE KAFIR. 


White kafir has been grown in the United States since the begin- 
ning of the experiments with the kafirs. In recent years, however, 
it has been displaced by the Blackhull kafir, and now it is rarely 
found in field culture. It differs from the Blackhull kafir in three 
characters, namely, in white glumes instead of black, in smaller and 
shorter plants, and in the inability to push the heads completely 
out of the boot or upper leaf sheath. This last defect probably is 
only a corollary or expression of the lower vegetative vigor of the 
variety. 

Selection to improve its habits in the matter of the exsertion of 
the head was begun as early as 1907. The White kafir was normally 
earlier than the Blackhull kafir. If a race with good heading habits 
could be produced, it might be a valuable crop in unfavorable seasons 
and at higher altitudes where the seasons are short. While some. 
progress has been made in producing a race with a more completely 
_exserted head, it has not proved a very high yielder. The results 
obtained since 1909 are shown in Tables XX and XXIII. 
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TaBLe XXIII.—Agronomic data for White kafir grown at the Amarillo Cereal Field 
Station during the 8-year period from 1909 to 1916, inclusive. 


Yearand C.T. 
No. 


[In the statement of yields per acre the bushel is rated at 60 pounds.] 


| Height of plants. 


Feet. 


Row space.| Length of period. 
Bb 5 
q ep i) fs ; 
1 a | PPI Shia ies 
=| @ |e lee) 2} oS 
ae | SS eae ales 
a | om] > | & le a } & 
TeXap || Jap 
Ins. | Ins. |Days.|Days.|Days.| cent. | cent 
13.3) 9.9 tei) Fi Nee a 25.5 | 48 
el |) Ga 80 45 | 125 | 47.3 | 82.9 
17.3 | 9.0 80 45 | 125 | 47.9 | 76.8 
re ie) 80 45 | 125 | 47.6 | 79.4 
8.2} 5.8 77 47 | 124) 29.1 ]...... 
8.8] 5.5 77 47 | 124] 37.6]...--. 
8.5] 5.6 77 47 | 124 | 33.3 |...--- 
== ee —————— 
9.7| 6.4 74 42 | 116 | 33.6 | 86.0 
Goth Ghz 74 42 | 116} 26.7 | 90.2 
9.4] 6.5 74 42} 116] 30.1] 88.1 
11.8| 7.8 65 31 96 | 34.3 |_.-..- 
0.5 | 7.2 65 31 G13) | ROSY |acsone 
11.1] 7.5 65 31 96 | 32.5 ]...--. 
Bil |) 7a 68 23 91 | 12.0 | 74.4 
8.0] 7.2 68 23 91} 10.0 | 74.4 
8.0] 7.2 68 23 91 | 11.0 | 74.4 
10.2) 6.9 77 49 | 126] 31.7 | 97.8 
14.3] 9.2] 118 37 | 155 | 35.8 | 48.8 


Heads in crop. 


Per 
cent. 


Seed in— 


Per 
cent. 


Per 
cent. 


Yields per acre. 


5 

in 

° a 

3 so} 5 
3|8| 8 
a aa} D 
Lbs. | Lbs. | Bus. 
Arar SENS Naeem ee rial 
3,089 |1,301 | 10.1 
3,109 |1,178| 8.8 
3,099 |1, 239 9.9 
6,474 |2,754| 26.3 
5,519 |2,459 | 23.7 
5,996 |2,606 | 25.0 
2,800 |1,480 | 16.5 
2,500 |1,553 | 13.5 
2,650 {1,492 15.0 
S560) aes 14.7 
355608 eeeeee 14.3 
BE) Ilosssse 14.5 
6,400 |2,720 | 37.3 
Bele) Isecess 4.0 


The White kafir has much inherent earliness, as is shown by its 
record in 1913 and 1914, dry years, when the duration of the total 


growing period was 96 and 91 days, respectively. 


The 


much longer 


duration in all the other years, except 1916, was caused either by 
slow ripening or the delayed maturing of heads which did not com- 


pletely emerge from the boot. 


In general, it is about 10 days earlier 


than Sunrise kafir and 13 to 15 days earlier than Dawn kaiir. 

The stands obtained have corresponded rather closely to those of 
the Dawn kafir. They are better, therefore, than those of the Black- 
hull kafir, but not as good as those of the Sunrise kafir. The final 
stand, or stalk space, has been very uniform, but never exceedingly 


close. 


Jt has varied between 5.6 and 9.9 inches per stalk. The pro- 


portion of suckers has varied from 11 per cent in 1914 to 47.6 per cent 
Only in that year, however, has the proportion appreci- 


in 1910. 


ably exceeded one sucker to every two main stalks. 


The height has 
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varied from about 3 feet to more than 5 feet, the average being about 
4 feet. 

The average acre yield of White kafir in all eight years is about 15 
bushels. This is but little better than that of the average of all selec- 
tions of Blackhull kafir and much less than that of the Dawn kafir. 
The comparative yields of all leading kafir varieties will be found in 
Table XXX. White kafir has exceeded Dawn kafir only once, in 
1912, while it fell far below that variety in 1915, the year of bumper 
crops, when its yield was only 37.3 bushels per acre. Although early 
in maturing and of dwarf stature and, therefore, presumably at an 
advantage in the many dry seasons in the past eight years, its per- 
formance has been disappointing. 


RED KAFIR, 


Red kafir differs from the Blackhull subgroup, including the 
Blackhull, Sunrise, and Dawn varieties, by its much longer and more 
slender spike and its red-brown seeds. It is one of the two original 
varieties exhibited by the Orange Free State at Philadelphia in 1876; 
it was bred in Georgia for many years and finally distributed in the 
dry-land sections of the southern Great Plains States. In the higher 
parts of the Panhandle of Texas it has not been as popular as the 
Blackhull variety, nor has it proved any better as a producer. Care- 
ful and long-continued selection so far has failed to improve it suffi- 
ciently in this respect. 

The number of different selections and races in the plats has varied 
from seven or eight in the first six years to only two in each of the 
last three years of the 9-year period from 1908 to 1916, inclusive. 
The total has been 51 plats in the nine years. The results obtained 
are presented in Tables XXIV and XXV. The annual and average 
yields of the best races are compared with those of the other kafirs 
in Table XXX. 

Red kafir is about six or seven days later at Amarillo, on the 
average, than Blackhull kafir, though in 1915, the very wet year, 
the Red kafir ripened a week earlier than the Blackhull. Usually 
the difference in time is distributed proportionately in both the 
. vegetative and fruiting periods. In 1911, however, the vegetative 
period of Red kafir was three days shorter than that of Blackhull 
kafir, though the ripening period was eight days longer. In 1910, 
1912, and 1914, on the other hand, the ripening period was two to 
three days shorter, while the vegetative period was two to eight days 
longer. 1In1915 the vegetative periods of the two were of almost iden- 
tical duration, but the Red kafir ripened in 47 days after heading, while 
the Blackhull required 54.8 days, or eight days more. The Blackhull 
had a little wider spacing of plants than the Red kafir, but this was 
equalized by the production of more suckers, so that the stalk space 
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The difference in these factors does not seem suffi- 
cient to explain the difference in ripening. It is said that under 
humid conditions the Red kafir is naturally earlier than the Black- 


The season of 1915 approximated a humid condition in the 


Texas Panhandle and the early ripening in that year may have been 
the natural response of this variety to those conditions. 


TasLe XXIV.—Agronomic data for Red kafir grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 pounds.] 


Row space.| Length of period. a Seed in— | Yields per acre. 
~~ 
8 | & 
Year and C. I. ms) e a 5 : 
No. zene psc, | Nene ane “a eaten alba S 
a iS q SD ep i ® = n 5 o 5 
2 = o a é a QB 
=| a4 o S| etel || & i ob u} uo) r= 3S j 
a te hee |S Ural eesh gn get a ee oi fa un ae li ali aks 
Ay n > a D aa ea ise 5) as A q D 
1908: Ins. | Ins. |Days.|Days.|Days.|Per ct.|Per ct.| Feet. |Per ct.|Per ct.|Perct.| Lbs. | Lbs. | Bush. 
oy See noee 8.0] 6.5 83 31 HY |) ee eee se ipa Seanal CASE) eae ool esse Sama 42.7 
aS Pe coeta 12.0} 7.0 91 30 WAL || ZAG seosee Ea aU | Pre ee PP 30.1 
BS SSO On Geese aes 91 32 IPR \laneosallocedsa etoile valli 3 ole conte ree || epee ee 
68h eee ssece 12.4 7.1 90 28 TASS AQHA Pees ONOM [ease I ie Pe ae RE ead 37.0 
Oa ae aes 12.1 7.1 91 By | TAS || Gales) leoeces De Ola oe [ema eee | eeeaera| Meee rd| eee we 27.7 
DN Die eee A 12.2] 7.0 91 33 12494256) omens DHONI EAN ak Aa S| ARES | OE Bee ee ea 28.7 
DANG Se Se ets IMU | 7B 91 asf IGKL |) 2) lo Soae Cie IS coped eS a) Ae Se eae te ae 32.0 
Average.| 11.5 | 6.9 | 89.7 | 31.5 |121.3 | 37.9 |...-.. BBO esse Ssaene asene Eanes secs 33.0 
1909: < 
Bye oe anaes 7.6 5.4 (2711 || ame | 28.9 | 8.4 |... Sl eaeeec Seecee| Ceeasa ecacod aeeess 2.0 
34-4. ..0.222. 6.4 4.2 Cae eS ee oe 34.3 Ua Pech igen |S | EN a a 2.0 
BAR eeu 6.7 | 4.5 QA aE Sell eee ea Bhai) CSG eae olen ae ital le Sea Rear 2.0 
Sy Eo neeead 14.7 | 12.0 £23) (eres Se nee aS 3 aan Lad ee tei et | erate a a Le 10.0 
BS ee eis Stee 16.1 | 12.5 OI eae ee Eee 22. S MNOS OH Rees cele tg se | ees | ae Sal eee al eee 10.7 
69S aan 14.1 | 10.1 QA sane (OTE ae PERAIN hiCeot UN oases SeeBeal seBe cel eooea esSueslsaaaoe 3.0 
PAA lee ee 13.1 | 10.2 QA cael ee PPA ual BAAS) s| |B ease 8 Pee ons Bs) reed em Peeled 4.6 
7A oe aes 14.0 | 10.7 OB | ease Jnesees PRIA Pid) ol asso SEecne noEceelseeeos lsonose pes sce 5.0 
AMOS 7a nase 4a | enon | ee D6. Th PDSsOl| eteacell gees | cae anle| era | oeume el ea 4.9 
46.5 | 17.6 | 103 40 | 143 | 65.7 | 48.2 | 4.5] 16.8} 9.6] 58.0 |3,216 | 531 5.2 
57.0 | 19.5 103 40 143 | 65.6 | 45.7} 4.2] 12.5 7.6 | 60.8 [3,326 | 416 4.2 
-| 40.5 | 16.8 | @90 38; 128] 58.5 | 25.8] 4.2] 7.5] 4.1 | 53.8 |3,526 | 266 2.4 
45.7 | 16.3 103 40 143 | 64.3 | 43.6] 4.2] 12.4 7.3 | 58.7 |3, 653 454 4.4 
53.0 | 16.5 | @90 33 123 | 68.8 | 30.0) 4.2 8.7 5.0 | 57.7 13,438 300 2.9 
21d 9.1 106 37 WAS BEG 5: Sie| Aza og lee ees (eye | epee | eee | ree eo 
24.4 | 13.0 | @90 28 TESTS |) Lo hu Paks Gtal by Coty eee be SesalbeseacladsGecicouses 10.7 
Average.| 42.1 | 15.5 | 97.8 | 36.6 |134.4 | 62.2 | 39.2] 4.2 8.2 6.7 | 57.8 |3,432 | 393 5.3 
1911: 
aes eee 16.7 | 10.9 86 AUS | aeP). || SYS ae ek 4.5 | 39.1 | 25.7 | 65.7 |4,340 |1,700 | 18.7 
G8 sc Reese. 15.4 | 10.0 86 46 1B) ) Sil lo. so56 4.5 | 35.5 | 23.4 | 65.5 4,062 |1, 442 15.8 
69 Faas NEE IPL | SO) 88 44 IBY || ste feosooe 4.5 | 33.9 | 21.2 | 62.7 |4,935 |1,675 | 17.5 
212k ewes 11.9 7.6 88 44 BP) || ORIN eoesec 4.5 | 36.8 | 23.6 | 64.2 |4,811 |1, 771 19.0 
PAIS Ne Bea ee 9.7] 6.8 88 44 132 | 30.5 }...... 4.5 | 35.3 | 21.0 | 59.0 |4,456 |1, 576 15.6 
Gi Dome e nw us ites} 7.8 36 46 SZ io Lo) | eee 4.7 | 42.3 | 27.3 | 64.5 |5,340 |2,260 | 24.3 
OO Be ema 16.3 | 10.4 86 46 BPA pelos 25558 4.7 |060.3 | 32.5 | 64.6 |3,078 {1,859 | 20.0 
Average -| 13.4 8.8 | 86.8 45 IBY) Pex RC NERS 4.5 | 40.5 | 24.9 | 63.7 |4,481 |1, 754 18.7 
1912: 
OE TERE hes Stk 16.8 | 7.4] @88 51 139 | 56.2} 19.8 | 4.2] 6.2] 3.6 | 57.2 |4,973 | 313 3.0 
Go phsaeonsee 16.8 6.7 | @88 51 139 | 60.1 | 24.7 4.5] 6.8 4.0 | 58.3 |5,735 | 395 3.8 
OORT SE 20.0 | 8.2] @90 49 139 | 58.8 | 30.4 | 4.5 7.0 | 4.3 | 61-4 15,355 375 3.8 
PAL Sa ie SAE 15.9 | 6.7 | @92 47 | 189} 57.9] 15.0] 4.5] 4.4] 2.4 | 55.5 |5,235 | 235 2.2 
PAU) es ce Bae 1N¢05 1 7.1 | a92 47 139 } 58.5 | 20.8 | 4.2] 5.3 3.4 | 64.5 |5, 513 293 3.1 
BOO WR eee G42 | eal: 99 35 | 134 | 56.4 | 50.8 | 4.5.) 33.8 | 14.7 | 44.8 |4, 540 11,495 | 11.2 
BGG) Sis Se 16.8 | 7.4 104 34 138 | 56.0 | 49.1 4.5] 10.9] 6.0 | 55.2 [5,775 635 5.8 
Be ee tan 48.0 | 12.6 95 44 139 | 73.6 | 28.8 | 4.2 5.5 1.6 | 30.2 |4,025 | 225 1.1 
Average.} 21.2 7.9 | 93.5 | 44.5 138 } 59.7 | 29.9 | 4.3 9.9] 5.0] 53.4 [5,143 496 4.3 


a First and only heads. 


b Machine headed. 
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TABLE XXIV.—Agronomic data for Red kafir grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive—Continued. 


Row space. | Length of period. a Seed in— Yields per acre. 
» 
= ‘ 
ale 
Year and C. I. 2 bile ee = = 
No. . : 8 Ey ep | 2 a iS & : 5 , 
n n Ss 5 ifs] Oo oO a n 2 nm ey n 
ale le) \s2|8ie\2!1elelsi2eisi¢ 
PSP RES ol hie leita lo Shiieoe | |ateleec ss Omlol oii) tual ys 
a a > & |e n ea aa ca) 5) aa a ic D 
1913: Ins. | Ins; |Days.|Days.|Days.\Perct.|Perct.| Feet. |Perct.|Perct.|Perct.| Lbs. | Lbs. | Bus. 
BAe ne a: HOS OA Pere Taleo nee ence Bod |lossceq) 25 lscecedssenee becHsall-.sqosleéhoodssecsa 
GSipatere 12.3 eO2S aE A eee pel ees AL S| ess PR SR e salle seeae es eteene |, _ sel eset | oes 
Goes" OS OH IOR Se eee cel temeec | ser sire Seb" llacodao 2S OMe seers | estar etal (cleo site| ee oie era mw serie sicsaee 
PAPE a ee 10.9 (ity eae ee a Wives are AQ HD al eee oe DAO A Ey guerra asia lepers | Reigate alles cialis noeess 
CANT Aya 2) DO eteee | Meegeetal ee ia BO) |oesace ZO aes celiesenee sows lecceeal eseeeelin gece 
BOO meee soc BESO tea |e eeulceem olecse SE On aaa 230 [SS lets Sas cali samara reece somes 
BOOMs ase e Bhs Chl Rio also see acer RES Ae OlNOn eee QAO sates lets wtae [cia aiai| airerste tec ereicrellie ero 
AA At oes os 3 Tiassa} Bp 9) eee Se een al eae ile Bes PAN) sl See sera Pcie beste ac eee bee a 
ANSOEEREL || TNS 2 7 le 39593| Rae 2210) eee es eke eel baie hall Meso ell eae fe |S ee 
1914: 
hh EA eee 9.1 6.9 87 31 118 | 24.0 | 65.2} 4.0 | 28:1 | 18.3 |...... 4,350 |.....- 13E3 
BoGmee Sete acc = Gal |) edly exe 31 118 | 13.1; 56.2 | 4.0] 24.8 | 16.8 |...... 25500 | eee 15.8 
Average.| 7.4] 4. 87 31 T18) |) 1895) 60. A410) 2654) 7a le eee eb) eee oe 14.6 
1915 
See atonae = 10.7 | 7.9 91 48 139 | 26.3 | 96.9] 5.5 | 46.1 | 35.6 | 77.3 |7,660 |3,440 | 44.3 
BION sees TSE oe 89 46 Taya BOS he\ |) C367) MA oll ae ooorlacaadsl Wastes loSeoseloeeead | 57.0 
Average.| 11.1 7.6 90 47 TE VRE BY! Gv GEE ass oc ncacollogucselmoeoodicSscas | 50.6 
1916 
ieee rene ss. s DROW ROM |e La Teens ee | Meare BOVANRAS TOT eoeG: saeaee lcm eencls anaes PAU) | ees ete aecees 
2OOcosneccos Ae ORO | Sia eerste src= St |] Gh ON PES) loo callsasancllasasee 135,720) 2 bates 
Average.| 13.9 | 9.0| 127 |...... ees Beh |v Su Da HE) lepoaellaaencalaaoaee BOC subsadlaeteee 


The stand obtained from Red kafir has been uniformly poorer 
than that obtained from Blackhull kafir. On the average, it has 
been about 35 per cent poorer. The best stand obtained was in 
1914, when each plant had only 7.4 inches of space. The poorest 
was in the very dry spring of 1910, when each plant had 42.1 inches 
of space. The average has been about 16.5 inches, or about 4 inches 
more than the average for Blackhull kafir. The difference in stalk 
space has not been very great, however, owing to the abundant tiller- 
ing in Red kafir. In 1911 Red kafir was outtillered by the Black- 
hull kafir, although the Blackhull already had the much thicker 
stand. In 1914 Blackhull again tillered more than the Red kafir, 
but in this year it had a thinner stand than the Red. In 1915, when 
the stand of Blackhull was about 9 per cent thinner than that of 
Red, its tillering was 6 per cent more. In 1910 and again in 1912, 
60 per cent or more of the Red kafir stalks produced were suckers. 

The average height of the Red kafir has been about 4.5 feet, which 
is about the same as that of Blackhull kafir. 

The yields obtained in the experiments with Red kafir are shown 
in Tables XXIV and XXV, and those of the leading selections are 
compared with the yields of other kafir varieties in Table XXX. A 
study of the datashows that the best Red kafir has made a 9-year 
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average acre yield of 13.9 bushels, while the best selection of the Black- 
hull varieties has made an average acre yield of 17.3 bushels in the 
same period. In two years, 1910 and 1914, the average acre yields of 
all Red kafir selections have exceeded those of all Blackhull selections. 
In two other years they have equaled those of the Blackhull selections, 
in three years they have been lower, and in two years both varieties 
have failed completely. When only the yield of the best plat in each 
year is considered, the Red kafir has outranked the Blackhull four 
times, has been outranked by Blackhull three times, and twice both 
have failed to produce any grain. The same selection has not been 
the high-yielding plat in either variety more than two or three times. 
The annual and average acre yields from each selection, during such 
part of the 9-year period as they were under experiment, are shown 
in Table X XV, while the same data from all the Blackhull varieties 
are shown in Table XX. The highest yield produced by the two 
varieties was in 1915, when Blackhull yielded 64 bushels and Red 
kafir 57 bushels per acre. The yields of the leading races of all kafir 
varieties are compared in Table XXX. 

Taste XXV.—Annual and average yields of Red kafir grown at the nae Cereal Field 

Station in periods of varying length during the nine years from 1908 to 1916, inclusive. 


_ [Im the statement of yields per acre the bushel is rated at 60 pounds.] 


Annual yields (bushels). Average yields. 
a 6 7 
C. I. No. years, years, /years,| 9 years, 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 1910" 1908 | 1910 1908 ta 
to to 1916. 
1912. 1913. | 1916. 
Bus. | Bus. | Bus. | Bus. | Cwt. 
Acer cone a36.4 | 4.0] 5.2]18.7) 3.0 0 13.3 | 44.3 0 6.7 | 11.2) 12.1 | 13.9 8.3 
GSR sees ee ee 37.0 | 10.7 | 4.2] 15.8] 3.8 Oren aetes ssa SS ERE Lee COSC foi I Vsti (Re a at ee 
GQ ates Sere Ale \\ BO) Bell i756) 3.8 (Ett) Sees Seca se cee HOM OE Leen ae aa | aes 
ADS OEE RE 28.7 | 4.6 4.4 | 19.0 a2 OS Soe See Seles: 6.4 Osa EEG ce Gon io aaee 
QD ee ee eee ar) | S50) | Phe) | TIE |) Bball Op isleeoseele coeealesanse SEC Se Fro iel  Beee ae el eSciso 
Biljana ne oes ee ade ea oe Wed Ne2tson| wile 2 0 15.8 | 57.0 0 LOUSH aaa QE a Sse. | Secee 
aL Oa ane eT S| Urea 10.7 | 20.0 5.8 (1 ate eee ta (Sete) larreaisers t Be eee eel eeoreeas Bess acl seer 
Te SABC OH EH Sah Ca S| Eee aoee seen e ea (0% hl Seren ses es ene Wen eee fa i ee eae |S eA oor 
a Average yield from 2 plats. b Average yield from 4 plats. 


NEW KAFIRS. 


Of the varieties and selections grouped under this title, all except 
one are introductions from South Africa. A list of them will be 
found in Table XXVI, showing the accession number of the Office 
of Foreign Seed and Plant Introduction, the date of introduction, the 
source, and native name, if any. All of them belong to the kafir 
group, though none of them would be considered identical with vari- 
eties now grown in this country. The. results obtained in the ex- 
periments are shown in Table XXVII. The plat experiments were 
begun in 1908 with 9 varieties. The number was increased to 12 
in 1910 and 1911 and to 14 during each of the next two years. In 
each of the last three years only 7 varieties have been grown. 
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TaBLE XX VI.—Data relating to the introduction of 13 new kafirs grown at the Amarillo 
Cereal Field Station in part or all of the nine years from 1908 to 1916, inclusive. 


Dateof 
Native or other name. oT pa eau ahs * Source. 
tion. 
lacked ee sno yee ee gee 280 | 21834) 1908 | Maiduguri, Bornu, Sudan, Africa. 
Wirt e Geena ee Poole ee Cee 291 | 21940} 1908 | Pretoria, Transvaal, South Africa. 
FD) Ome eee ar eiciositotere oSornie etn 303 | 22653 | 1908 Grahamstown, Cape Colony, South: 
rica 
BOG? anit SUSE ae CBOSS Eee eeese ae 312 | 19695 | 1907 | Orange River Colony, South Africa. 
Unomputshana......-......--------- 314 | 19739} 1907 | Cedra, Natal, South Africa. 
AID IMee eee ee ae Saket Sees 316 | 19744] 1907 Do. 
Wimebloenkwku see eee oes ee ie 319 | 19762 | 1907 Do. 
Sampler eae RE ae Re, 322 | 19745 | 1907 Do 
RTA eae) seyseisios SUS se eee ee en 323 | 19749] 1907 Do. 
Penikehiloeees ae ste evens poe os cs see oe 251 | 19924] 1907 | Pretoria, Transvaal, South Africa. 
Mothiokathiong 2.22422. 422202256. 252 19925 1907 Do. 
oes. ne tein mre ee dig Nels ics 253 | 19926] 1907 Do. 
(Wirmm amine Gees ene Sheek Ser Bie 321 | 19737| 1907 | Cedra, Natal, South Africa. 
Hybrid eaViite katin))sste= occ oe ate 2 ree 1911 Heys Branch Experiment Station, Hays, 
ans. 


Numerous selections have been made to improve these varieties in 
height and earliness and in the character of the head, and some 
progress has been made. Some of the best ones may stand com- 
parison with the selections of standard Blackhull kafir, but none is 
yet fitted to replace any of the commercial varieties of the United 
States. Complete data on these varieties are givenin Table XXVII, 
a study of which shows these kafirs to be very diverse in height and 
earliness. It is impossible, therefore, to consider them together, as 
for these and other reasons they do not comprise one variety but 
many. « It is desirable, however, to pick out some of the best of them 
and to compare them as individual varieties. The annual and average 
yields are given in Table XXVIII. 

No. 314, from Natal, is one of the best. It is fairly early, the aver- 
age duration of the vegetative, fruiting, and entire growing periods 
being 94, 37, and 131 days, respectively. The shortest growing 
period. was 118 days, in 1914, and the longest was 138 days. In 
general, the stands have been fair to good, not as good as those of 
Blackhuli kafir, but rather similar to those of Red kafir. Following 
the very thin stand in 1910, the tillering was enormous, the final 
result being two suckers to each main stalk. In no other year, how- 
ever, has the proportion been larger than about one sucker to two 
main stalks. 

The average acre yield of No. 314 is 13.1 bushels in the 8-year 
period. Two complete failures are recorded, in 1913 and 1916. The 
yield in 1915 was 46.7 bushels per acre. Had this variety been grown 
in plats in 1908, the most nearly normal in the whole nine years, its 
average yield probably would have been about 15 bushels per acre 
in the nine years. 

No. 316, from Natal, is also worthy of consideration. Its growing 
period is about the same as that of No. 314, the duration of the three 
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periods being 89, 43, and 132 days, respectively. The shortest was 
118 days and the longest was 147 days. 
slightly poorer than those of No. 314 on the average. The tillering 
has been more abundant, however, since in three years the propor- 
tion of suckers has exceeded one sucker to each main stalk. The 
average acre yield in the 8-year period has been 16 bushels, or about 
3 bushels better than that of No. 314. Its yield in 1915 was 66 bush- 
els, one of the best made by any kafir variety. 


The stands have been 


TaBLE XXVII.—Agronomic data for new kafirs grown at the Amarillo Cereal Field 
Station during the 8-year period from 1909 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 pounds.] 


Row space. | Length of period. 2 5 Seed in— | Yields per acre. 
|S: 
b ' he r) 
Year and C. T. y es B S 2 6 
5 2 a) j a 
. AOS ia i Gin SRE Sel cea lisa “I Ale hg 
Se Ue ey hepa Pees mesma lice meee alee. gis ee Ge eine || ical 
S&S 8 2° q 6 5 © o © } o =) o eo 
AY n > fe | a n as aa ea 'S) a B i na 
Per | Per | Per 
1909: Ins. | Ins. |Days.| Days. | Days. Feet.| cent. | cent. | cent. | Lbs. | Lbs. | Bus. 
Melle armel |Abeoodlessaca|booudollscossq|sasck4 Bo|ioa5tao||Saocbs| bade be| esas asoaas 4.3 
Pe oe denea cmicerd aecseo CPO SS Ae eas Be soesl|ASSot 5 Sto ses IsHercel Mecca ee momeee laser onl iceeal 
SOSEARE Ne Lee Asses | sertehes Sit eee cca|leoson6 bodsunl ia aocalhacese Someone baasesl seas aeocs 
eects eis aie steeyise eeiste Rete SSCS) Ge Conse OOOrG| Goren clotoosel Geers cer petallaneaeaiase sacl soaoaee 3.3 
UAE sk Seo Spyies ay cicictorte (oleh BSseeet ech onl eaarinis eer seal Pom esl ites cll aati alla main earl Se ge len 9.6 
oe ee wel seeieal Ronee 68} HOE ee Rese ences SaSeno Snenee| MGccre sroeem le eaces eter ese. 4.3 
Pa A Jes oe siete ee CS (27 a Sl le | Ee A ee et Se eee eae ee el a See eae | Kees a a A 5.3 
BP Pe sac ao ao us eSeor seer as Bil fe Sesh eI eas er ele ee Se oa vse ee lice At teil lee, ap doen eee i ee 
OLOe eae alee cal eet se SSMS ESE AIS | ANAS RAE, RS a Gres SE cee ae ke ee ee ee 
Average.|.-..--|-----. CHa Tae baa SA SIE me el Se gee Ie ra Le eee eS elle as aa ee 5.4 
1910: 
QO Me ANo sealer ae 29.6 | 9.0} 290 33 PBS GO|) TB |) HE) Nese eee beso scllb ccc callssoosdlacsace 2.2 
10 ee oye ee 35.7 | 12.8 | 290 39 129 | 64.1 | 24.3 CTA i fe aa eg ee eR | a SOS OO 
BY Byte ae Pes BRL Uf |} 105 'Z 103 35 138 | 67.3) |....-. AS OM eho Secale cpellre i oto [loge Stee sere or | eee 
71N ie eer 72.0 | 18.4 97 36 alesse MCe. Saw sol Ty COS) eta 7A Wah eats| Pe ee aR Ae ee eM Sew eds oo! 
SLOSS eee 34.9 | 10.4 | 290 Al TIE ST ba PTO eal e288 (0) ae: Roe aecee aries [Scosos 
S225 sau Awe ee 29.6} 10.4 | @90 38 | 128) 64.8 ]...--- ANON SS seek eal eRe oes Bie aes 4.1 
ee meee 46.6 | 15.7 103 35 138 | 66.4 | 60.3 Cou are epee lect a eu cre AN te | 7.4 
PAID She Sent 39.6 | 12.0] @90 38 | 128) 69.7 )|...--- CRO Vesey oes esis eI A ee 
PAG ee areas 33.3 | 9.8 |@100 38 TRIS | 70) a oocce ae) Wea ee ree rete | esha ae Seer aig Ne 
pl SS aes ee 37.2 | 13.1] @90 28 118 |} 64.8 |...--- OHO sectebesoske beets clsee sealeeoeee 1.8 
1 a eens 42.7} 14.5] 106 32 TBS || Gah O) CEO 5G |losccsalleccocolleccescllosoocelleassce 5.7 
eben sees 16.0} 6.7] @88 Ce |) PAS | GY W oskase G74 |boncos|isocess|Seonsclocoscslloncace 5.3 
Average.| 37.6 | 11.9 | 94.7 | 35.8 |180.5 | 67.1 | 48.2) 5.3 |...-..|----.:).-.-.-|----2-|------ 4.4 
1911: { 
Leelee Ne 19.1] 7.1 74 58) |peloznl Gas On| eaear= 6.5 |.30.4 | 14.9 | 49.3 |5,397 |1, 631 13.4 
PSS BE ae 10.8} 5.8 95 38 133) |, 46. 1 |-2.2.- 5.5 | 47.2 | 25.1 , 53.7 15,159 (2,419 | 21.7 
SPAS arenas 19.0] 9.5 95 38 133 | 49.6 |.--.-- 4.3 | 39.8 | 22.5 | 56.5 |5, 624 |2, 098 18.1 
SOSF ES et Se 13.3 16 il 88 44 132 | 41.9 ]..---. 4.3 | 46.2 | 30.0 | 64.9 |5, 754 2,754] 29.8 
OG Sesser 16.0}. 6.7 88 45 | 133] 58.1 ]...-.- 4.3 | 48.6 | 31.6 | 65.0 |5, 925 |2,885.| 40.0 
B10 Rs eee 13.5] 7.3 85 47 | 132] 46.0]..-.-- 6.5 | 41.3 | 27.6 | 67.0 |5, 045 }2,085 | 23.3 
Boe Sara ee 13.9] 6.8 88 45 BBY |) B77) eee 4.5 | 44.5 | 27.8 | 62.6 |5, 626 |2,506 | 26.1 
PESO COSA SS 12.0} 6.5 88 45 133 | 46.0 ).-.--- 7.0 | 37.1} 20.7 | 55.7 |7, 771 |2,887 | 28.6 
2S eee se 13.4] 6.3 91 42 TBR) | GPE ecosoc 6.8 | 38.9 | 18.3 | 53.1 6, 771 |2,337 | 20.7 
OLDS 16.5] 7.9 91 42 1853} |) BYBU Besede 6.7 | 38.1 | 22.0 | 59.3 16,627 |2,527 | 25.0 
By MAE ere 11.9] 7.8 85 47 132) |) 34.4 |=... 5.8 | 46.7 | 27.2 | 58.2 15, 561 |2, 601 25.2 
SPH ees 26.2 | 12.8 88 45 UBB) |p ee Gee Se 4.8 | 48.9 | 32.3.| 66.0 |4,272 |2,092 | 23.0 
Average.| 17.1 7.6 88 | 44.6. /1382.6 | 49.3 |.-...- 5.5 | 42.3 | 25.0 | 59.2 |5, 764 |2,401 | 24.6 


a First and only heads, 
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TABLE XXVII.—Agronomiec data for new kafirs grown at the Amarillo Cereal Field 
Station during the 8-year period from 1909 to 1916, inclusive—Continued. 


Row space. | Length of period. 2 , Seed in— | Yields per acre. 
a.| & 
= 1 for ia) 6 
Year and C. I. a i ee %S = = 
é No. BS ia) — a Lo) ~ A BI 3 
5 al Ep ta Ue zTe ASS PD ARIE eh is ER PF 
q =| Sy lh ote Si} @ S se S = 3 S 3 Ko) 
3 8 x = = 3 ® o ® ‘ © S ® 2 
Ay n > | & |e na jan} & en ‘S) jon} = jan) nD 
Pepaiy en Renee ena een, 
Ins. | Ins. | Days.| Days.| Days.| cent. | cent. | Feet.| cent. | cent. | cent.| Lbs. | Lbs. | Bus. 
15.2] 4.8 99 30 | 129 | 68.2] 39.1] 5.0] 23.2) 7.7 | 33.3 |4, 860 |1, 130 6.3 
TOP eros! 74 39 | 138 | 49.9] 29.1] 4.8] 18.9] 6.7 | 35.7 |5, 440 (1,033 6.1 
11.7}| 5.1] @85 54 | 189 | 56.7 | 23.1] 4.5] 10.1] 5.7 | 56.4 |5,095 | 515 4.8 
12.4) 5.1] @8 54] 189 | 59.2] 22.4] 4.5) 7.8] 4.5] 57.7 |5,640 | 440 4.2 
8.4] 5.1] @88 52 | 140 | 39.0) 11.7] 4.8] 6.4] 3.8] 59.9 /5,578| 358 3:5 
SDS 5a Ge See 11.2} 5.5] @92 55 | 147] 51.1] 138.4] 4.5) 7.7) 4.7 | 61.7 |5,938) 458 4.7 
SIG) Saeyeeaees 8.8] 5.0] 288 59 | 147 | 42.9} 189] 65) 81) 4.8) 59.4 |5,575 | 455 4.5 
Se ees aor 11.9) 5.7} a@88 59 | 147 | 52.3/188)] 4.5) 9.0] 5.4] 60.3 6,820) 620 6. 2 
ASD Mepenee Nas 6.2 | 4.2 95 33 | 128 | 29.9} 54.9; 4.5) 18.6 | 11.0 | 58.8 |6, 763 |1,263 | 12.4 
2 oes eg ae 8.7 | 5.3 | @92 55 | 147 | 39.6] 10.1] 6.8) 4.5] 2.9 | 64.3 |6,915 | 315 3.3 
Oo eras laa 8.9 | 4.9 | @92 55] 147 | 44.3) 12.1] 7.0] 4.3] 2.6] 59.8 |7,695 | 335 3.3 
zee. 10.5 | 5.3 | @92 56 | 148 | 49.1] 11.4] 6.8] 4.3} 2.6] 61.1 |6,653 | 293 3.0 
SL eas 7.6] 6.5} 105 31 136 | 14.6 | 63.5 | 5.0 | 32.7 | 14.6 | 44.5 /4, 860 |1,593 | 11.8 
Deere oe, ot = 8.7| 4.9 88 48 | 136 | 43.5] 20.6] 4.5] 8&7] 5.0] 56.8 [5,373 | 473 4.5 
Average.| 10.0 | 5.2 92 | 48.5 |140.5 | 45.7 | 24.9 | 5.2] 11.7] 5.8 | 54.9 [5,943 | 662 5.6 
1913: 
Cit ce se 11.0] 4.8 Souler eels DOSOH eee DEK UE ele oe aetna amr ad eet ett cle ae, 
BOO Tie aL Gx Sil RNAS Sh tee ae ES sda Sb &: |ebep be 5 OW epee esol econ 2 | ee cole |fave oP RMI arog 
CPs) aie tee ey EGY ee elec enss| se meee SOMOM Beier PLADEG dies tal ES eee eerie eres ee eer Aer 
BUS Mee ate CEO) aT FS a ea) 40/9 |... ADS, OF eee | See leet alleen lin se ee eye mee 
Sigs SR Go Nhs (EO Dias ee es gee ee BOTA bet rchecase DE OA Rea ae AI Eo)avet all Oe reercvtel lp perce lizia a = aball) Megan 
Silva, See eeea SH 2b heros Ou bes dever|eecaeee ll pee ers SSnOnl eer eee PrN U eecks heal |e cree ekereees te MS ee al oer Sune 
SORE ee) SCL ||" tated 3 ere eee ol Se ADNAN Eo < PAU incest Reese NOSE (hase ttel eet aes 
yep st a eee OG. || ah I Ee ee are ol eae 44,2 ].....- DE Oh sent Se Oe Salles eee [peer ellie es = alle 
BSD ea tiuh~ CS) | ees Meee ee ee eee Bib CS aeae 230 a UE AS ec RAL cok Ul his ea 
PAG) 9 = SLB ee AG eS Ono Rega ast calle octiee Aa OM tera es) - Deis eee yt ale kero poe ts | eae ene 
OS} ge Dee ae SEA ice etree ee ycroon||'aie che Sih |] aoeaee QE O88 UE ete tlk cooectee valine yar teeolia cs AL sae kee 
Sees, TOES PAGO oe aeuelee tesa leoaae Geni! | eaaee DS ON AS ete NEE esate pled ae as Salm eel 
SS eee Cees |) 2 5G) ee aCe pee eee eae BYES} | seesee Pe Eos 7| heat ease [ecient el Peso Me aeaaede 
Se (ROM WAN ON Ra ey Coralie eae Bis} (0) Sea Qe Ou Apap Ace Ls ake edie Bits Smale a a 
PACTET AON) Oo Ou|\iOs La|( pe eilee oetie|2 sack C10) @) | Senos UO); epee ek ee A Rirepmte R Me ae ee ae ae 
1914: 
Aiea a es eters 4.6} 4.0 87 2) Te WB || BLO ESO) iO) |) WOE Yessace 4,580} 820 8.3 
S0SE SS). 50s: 6.7 | 4.6 87 3l 118 | 31.0} 31.0) 3.5 | 16.9 | 10.8 ]_..... 4,260 | 720 Uo of 
Bian Goceae 9.8) 6.1 87 31 118 | 37.5 | 41.6 | 3.5} 27.8] 18.2]...... 4,160 |1,160 | 12.7 
ADDS Wee 20 5.0] 4.4 87 25} 112] 12.0} 38.0) 4.0} 20.6 | 13.8 }-..... 4,060 | 840 9.3 
EPA 11 | 6.2 87 31 TS Aaa 2220) | Seoul |) val |ese eee 4,940 | 560 6.3 
ieee ser 5.8 | 5.1 87 31} 118 |) 1256)) 36.0) 4:3 | 14:7) 8)2))_....- 4,340} 640 6.0 
A es Se ea 1633 |) 3} 87 31 | 118} 27.3) 30.1] 3.8] 17.5] 10.6]...... 3, 760 | . 660 6.7 
Average.| 7.2] 5.1 87 | 29.2 |116.2 | 25.5 | 32.7 | 4.2 | 18.1) 11.4 ]...... 4,300) 771 8.1 
1915: 
OLE ae Sa 10.1] 6.8 91 Alloa isl 3.20| 2am |G. Olas Gores | eye a a seve ea epetaneN | faveperate ree 44.7 
AU gis Saseueee 10.2} 7.0 89 LOA elie p Ey basil 24) Paid (0s Ce 6sn | Seana ena lsadeed dened taaaod 51.0 
Gi eo eeerte 10.2] 6.6 91 CA aie ay, i |) eK) ee fy ee les ceecllsednod senses 66. 0 
Boe Uh eee SL) 10.2] 6.0 84 2H Rel SOs RAO ROR ODN 5) | eae Siler teen | eevee ape year | Dae al feds 59. 7 
7 Se 11.6] 6.6 94 45" |e ASO Aa aA OG: || ibe aer cha | ara er yelp 2 | PR ya IATA eS pa 50. 7 
Syke See ee aap 11.3] 86 87 CNS) IB) | PSS || CERO G8} |i Lo callsaorod|lsoocenllscaadallsseoae 46.7 
Pa aeicey eae 10:2)| 6:1 89 Aya Wren leyy Wee O) 1h) Core tet Gita |e See onl Ae ie Se See laasee 54.7 
Average.| 10.6 | 6.8 89 UNE ES 1) a4 |] Casali Gy Balle See ee Se wee a lan camellasodar 53.3 
1916: 
QO 3352253 8.4] 5.9 LG, || SO UG ee Ae ee ee aes BOD Ios 5 lacsace 
Gs seaae see 12.6 |, 10.4 pil || OLE Gh ayia seen e eie Sel eee ES OO | eee | eee 
DLOEMe ae ae! 21.2 | 14.6 574 )|| temo) Bh) Noha Tae es eae 25400 tte oaalieeeree 
AG Die seep 14.0} 84 WOM 20. 2) ler Sarou th aoe ie Wk ice aed Py CGO) Ne eos 2.0 
ZS ge Sa i cece TSE |) WED |) WPS) ee ooaellacooce Pilate) ||, Gea) GHW) oso selleoscbe eaosos Le SOO n ees Peet 
ee Ee ee Wie (UPR Gy |) UR ees seal esses DIOH E09 Osa Bato ere cle nomyellanonice Qed Qi cues eee ae 
Soe Ed TAN 7 | MBO Nogsacollesacee Beh O || PBZ wey eres ee sae be BIO) osetedlecosas 
Average.| 14.1 |. 9:8 | 127 )..-...|.-.--- BUG) || CORON en) Wee sc ele opoorlscoaus ZEA GSN eas |erterse 


a First and only heads, 
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Some of the other promising varieties are Nos. 303, grown during 
eight years, No. 321, grown in seven years, and No. 432, grown 
during five years. Comparative results will be found in Table 
XXVIII. The 8-year average acre yield of No. 303 is 11.5 bushels. 
The 7-year average acre yields of Nos. 303 and 321 are 13.1 and 13.5 
bushels, respectively. The 5-year average acre yields of the three 
numbers are 12.4, 12.8, and 16.7 bushels, respectively. 


Taste XXVIIT.—Annual and average yields of att lots of new kafirs grown at the 
Amarillo Cereal Field Station during periods of varying length in the eight years from 
1909 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 pounds. ] 


Annual yields (bushels) _ Average yields. 
i 5 years— 
Cc. ils No. 4 years, 

1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 gon “Grey beter ieee 

1913. to to 

1913, | 1916 
Bus. | Bus. | Bus. | Bus. | Cwt 
CTRL ec AEN RW ea bee Sm ON Vil bee e re Dee |OUR A lan Selb’ 
SIRI ej sae hg sick DON Ge || sik loos sae Sian eea7al eee Sl eee Tee Sediosc ose 
SPM cia ce carat aA a an OAT oh | cel Ie a Ce ID a el en nly || a lh lls eee as ot 
BGS ate wee sl ES a GLE Ouileos soe aia Messe OC Geel cece era || 1S |e ae 
BiGmees mee = al fae [ees AO Oil-e4ey: eae 1267 |. 6650 fist. 11.2] 9.8] 16.7|16.0| 9.6 
SIomeee enon B74 | eS ween | OE | J pt ean BeBe] Aol eee IC ey el) eee 
Gp) Swe ae nl a ZV OGUT AGRO ORE | acne eal ees Gigi PS Way | P Wystall ge allah 
ASB, ois Se aes a Naa Re TO as OS EET |) OsOlssensesdleoonce 1G c27. | seen ae 
Ds Sat oii a We ak YA SoS lee icae GES lipuare [ce onc eae dl es ASL] Cen | ee 
CGI: ot nes ea 1 ea jal Diy |ieses: (eke |e fine (Cee Brae (Ee ea ea OF eRe Noe Re 
SiG ae a cee Lae SW OSO | SDiecosddece cllvossccllascck: Bale Oat ea 
SVN Scan iba Oe OG Re | G9 | Too. 601114607 bn 10.7 | 19.4] 12.9 | 13.1] 7.9 
Coys A 5 er ane (Ran NRE KAP OLO | Ale Gi7ales dural oper os 1950 Ne ees Aaron 
Deg ame dene 4 WAS Alehouse |p ans | a ve ce dl Ee | fic panies || eee 


GUINEA KAFIR. 


The variety here called Guinea kafir is an old variety in this 
country which is not now grown, commercially, so far as known. — It 
was widely advertised and tested 50 years or so ago under various 
names. Among them were such as ‘Rural Branching Sorghum,”’ 
“White Millo Maize,” ete. It was then grown to some extent in the 
Southern States, being too late to mature anywhere else. Although 
carefully tested both in the nursery and in field plats at the Amarillo 
Cereal Field Station, it has shown no adaptation for the dry lands. 

It is too tall, too late in maturing, and too poor a yielder of grain 
to be of commercial value, even under conditions more favorable than 
those of the Texas Panhandle. Some popular interest still attaches 
to it, and for this reason it has been carried in the experiments during 
the entire nine years. The results obtained are shown in Table 
XXIX and comparatively in Table XXX and prove how poor it is 
under such conditions. Even in 1915 it was unable to make a better 
yield than 35 bushels per acre. 
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Tastn XXIX.—Agronomic data for Guinea kafir grown at the Amarillo Cereal Field 
Station during the 9-year periodfrom 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 pounds. ] 


Row space. | Length of period. a Seed in— | Yields per acre. 
t a Si 
Yearand Cor: ef ee = : = 
0. iq oo i : 4 
eames (eee eyes leat sh SEBO Ie, Stu ire llc laion Be fein 
Sse So) Se al ies sah Sins Ne mes lke 
Ss s ae = 55 S ® o ® S ® 5) 3 2 
AY n > & |e nD cal isa) ea 5) qq a jaa n 
1908: Ins. | Ins. | Days.| Days.| Days.) P. ct.| P. ct.| Feet.| P.ct.| P.ct.| P.ct.| Lbs. ‘Lbs. Bus. 
Ua caddcoe ee Bee od Sees 96 AS py Late ee a ees (BO) sococdliseee ee see oe eee tees | esac [teen 
1910 
(ase ree 28.0] 8.8 | @90 Boil) 4am GSerliel eee se hte Ee seal ieee al torso aed [ole eae eel nae Reece 
1911 
(ewe cdedaoues Koaeae eee CHG) ee ae ee neces SoSeae GEOWN es Seiecte less sees aeee | ecole (eee Ieee 
1912 : 
Moseeees ssl< 16.5} 6.1; 111 36 | 147 | 62.9; 32.4) 5.5) 6.2] 3.6 59.1 |18,650) 850 8. 4 
ASA Sos 28 23.3 | 9.4] 11 32 143 | 59.5] 61.9| 4.5) 14.8] 8.7] 59.1] 8,338 |1,238| 12.1 
Average..| 19.9| 7.7 111 34; 145 | 61.2 | 47.1; 5.0) 10.5} 6.2 ! 59.1 |10,994 !1,044] 10.2 
1913 ieee fe 
[GaEeeancees Sol ioe ete Acacia anaes Moroes 48:'0))|ass <3 DE OR bo IR eI Sits Geallicie vere tre| She aco eta ee 
484. ........ LAS! CCE see a || eal ee oe cual eS eee AE Oe elsis. te |Scisc stellt setset |-------|------|-2---- 
PANT OT AP OH EL OsailW eos. 1e |< cic| heme cre [ec cicle Aas Gules = = DE (ie erate |e cea ere ae ete arses Os Encl eames 
1914: 
COSsGeaeeeee 9.8] 5.6 87 35 | 122) | 44.2) 3.9] 5.01) 8.4) 2.4). 0 228. 4,120) 175 Pt 
1915 
, USssecseeese 12.0] 6.3] 107 Bei) WOW ele || CBO |) Wee) ossodeasadue Bod Meaceced epeec 35. 0 
916: 
Wlosaceccose) Sap) Masa ets sess el oeeoe SAAN ees) 2 pa eee | raeseri eee A700 \issnaclesesce 


a First and only heads. 
COMPARATIVE YIELDS OF THE KAFIR GROUP. 


The annual and average acre yields of the leading races in each 
variety of the kafir group are given in Table XXX. The average 
yields are given for the 7-year, the 8-year, and the full 9-year periods. 
The table contains yields of 17 lots, of which 5 are Blackhull, 1 
Sunrise, 1 Dawn (dwarf), 1 White, 2 Red, and 7 new kafirs. Seven 
of the lots have been grown throughout the 9-year period. 

In the seven years from 1910 to 1916, inclusive, the Dawn, the Sun- 
rise, and C. I. No. 316, one of the new varieties, lead with average acre 
yields between 17.5 and 17.9 bushels, that of the Dawn variety being 
highest. A Red kafir (C. I. No. 356) stands next with an average 
acre yield of 16.5 bushels, and Blackhull (C. I. No. 71) ranks fifth 
with an average yield of 15.7 bushels per acre. In the 8-year period 
the same three varieties lead, and Blackhull (C. I. No. 71) again 
holds fifth place. Fourth place is taken by Blackhull (C. I. No. 
335), the Red (C. I. No. 356) having been grown only seven years. 

In the 9-year period, Dawn kafir still leads with an average acre 
yield of 18.8 bushels. Sunrise has been grown only eight years and 
Blackhull (C. I. No. 71) advances to second place with an average 
yield of 17.3 bushels. Third and fourth places are occupied by 
Blackhull selections, with average acre yields of 16.9 and 16.5 bushels, 
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respectively. Blackhull and Red selections tie for fifth place with 
average yields of 13.9 bushels. 

The breeding of the early variety, Sunrise, and the early and dwarf 
variety, Dawn, is seen to be justified by the outstanding favorable 
results. 

TaBLE XXX.—Annual and average acre yields of the leading varieties and races in each 


of the subgroups of the kafir group of grain sorghums grown at the Amarillo Cereal Field 
Station in most or all of the nine years from 1908 to 1916, inclusive. 


{In the statement of yields per acre the bushel is rated at 60 pounds.] 


Annual yields (bushels). Average yields. 
Variety and C. I. No. i 8 
years, |years,| ears, 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1910 | 1909 100e to 1916. 
| to to 
1916. | 1916. 
Bical: Bus.| Bus.| Bus.| Cwt. 
Hee baoL Geaorods 42.2 358) 1.0 | 26.5 4.7 0 | 14.0} 64.0} 0 15.7.| 14.2 | 17.3 10.4 
is Pcie cra aie 31.4 | 10.9 5.5 | 19.0 9.2 0 | 10.7 | 38.3 0 8) (MLE Ze | d= 9 8.3 
20 fe cc eee ese 32.6 | 6.3 4.4 | 11.4 4.5 0 | 10.0 } 35.7 0 9.4) 9.4] 11.7 7.0 
Dao wacwieswece ctetere 37.0 | 10.7 4.8 | 20.6 4.6 0 | 11.3 | 62.7 0 14.9 | 14.3 | 16.9 10.1 
Boi ee sane eee 38.3 Tat 3.5 1.21.0] 4.7 0! 9.3 | 64.0 0 14.6 | 13.8 | 16.5 9.9 
Sunrise: 
AUD Oe mae aera metic lalinaie ee 10.8 7.6 | 21.4 8.0 ON LORAS SOLON 953m | eclidereyy | Were A mn tees es | een 
Dawn (dwarf): 
BADE ae Reale 29.0 | 14.4] 9.3] 34.9] 9.6 ONAN tb3s3) esate lanl elit) | P1858.) mebtas 
White: 
3 Bills soconscosscodfooecsdlesccos 8.8 | 23.7 | 13.5 0 | 14.3 | 37.3 450 |21425)'/52285.|25 252): |- nee 
ed: 
BYE ee RS eee 36.4! 4.0) 5.2) 18.74 3.0 0 | 13.3!1443] 0 12.1 | 1.1! 13.9 8.3 
SOOn Es heanesceess|becueslatoese (la |) P2583 ||) ble 0} 15.8 | 57.0) 0 1GNOMELSSeal eres EeSee 
New African: 4 
QOUe Reese less beee 0 PPM PAT |) sil 0|] 8.3) 44.7] 0 DAO LOVAS | Eee eee eee 
SOS mee seks See ceases 0 OR 2Z9NSi eros) 0 deta} ole One 0 we at a Wa Lr et ers 
Sa ew eee 4.3 0| 40.0) 4.7 0 | 12.7] 66.0] 0 WG POO aososlesss- 
AS DOr Naree atone cena ieee cote apallne Sea 12.4 0 9.3 | 59.7 PAS OE bata eeee Alb gegen A yo i 
OEE aoe ce Greene eae 0 | 28.6] 3.3 0 6.3 | 50.7 0 Dele ae oe er eee ee 
a YS ES oe be eee 9.6 DS. | 2o.2| 1158 0}| 6.0 | 46.7 0 i 3:(Gul a eithl| See Bae eee 
BA So aEeeas co nee eonae secre G8) |) ZB) |} 2/86) 0} 6.7] 54.7] O 18554 Sereod Bodoad bes aes 


THe Kaouiane GRovp. 


The kaoliangs are grain-producing varieties of sorghum from 
China and Manchuria. The most important varieties have been 
separated by a simple key (p. 17). The group has been quite fully 
described by the senior writer + in a previous publication. 

The kaoliangs are very diverse in height, earliness, and produc- 
tiveness. So far, only one variety, the Manchu, has become com- 
mercially important in the United States. All have dry. pithy stems, 
and many of them are fairly early, presumably with rather low water 
requirements. However, those which are early enough to be valu- 
able have never been able to compete in yield with Dwarf milo, 
milo, Sunrise kafir, etc., except at the extreme northern edge of the 
sorghum belt, as in South Dakota. The varieties grown are present- 
ed in three subgroups, White, Blackhull, and Brown, in Tables 
XXXI to XXXVI, inclusive. 


1 Ball, C. R. The kaoliangs: A new group of grain sorghums. U.S. Dept. Agr., Bur. Plant Indus. 
Bul. 253, ean. 15 fig., 1 pl. 1913. 
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THE WHITE KAOLIANG SUBGROUP. 


75 


Only two varieties of white-glumed, white-kerneled kaoliang have 


been under experiment. 


Both were grown during the first six years, 


though the yield made by Mukden (C. I. No. 190) in 1908 is missing. 
‘Only the one variety was grown in each of the last three years. 
The chief disadvantage of the varieties has been their height, which 
ranged from 6 to 8 feet and made them subject to lodging in wet or 


windy weather. 


Nor have they been good yielders. 
plete data obtained are presented in Table XXXI. 


Annual 


The com- 


and 


average yields of the White and Blackhull subgroups are com- 
pared in Table XX XIII, while the yields of all three subgroups are 
compared in Table XXXVI. 


Taste XXXI—Agronomic data for White kaoliang grown at the Amarillo Cereal Field 
_ Station during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds. ] 


Row space. | Length of period. a : Seedin— | Yields per acre.’ 
| a) ef 
xb 2p A a 5 a, 
5 om |S .| at ea & 2 
a | g | s-| § |e! S| 3 | # | o Pith eh dP leer 
FE pen icae PEE Stial recA iaeoay Cece ean (eae pee Pee fn 
3S 3 ea = fos | $ oO So) S S Ss S 2 
PR a 0a [pec ( Rae (SEI ed ce) ES ea |) on 
Ins. | Ins. | Days.| Days.| Days.| P.ct.| P.ct.| Feet.| P.ct.| P.ct.| P.ct.| Lbs. | Lbs. | Bus. 
9.7 | 6.8 69 50 | 124 | 29.9 |..--.- OU Saccae||ssased osc hoscec|bossoclsacane 
(ely Bere 67 29 96 PE) ee S50), |Sasoec |e aecele setae |oeeerlese es 18.1 
8.6 | 6.3 68 42 UO ea) | eee TG) pasoed SEStes leeds aaoee el paesse 18.1 
MGS ee bo 70 40 mY CO ete SV BE SCC ER Sen ERGOOe Neceet bmecee mpacee 12.8 
LORE 4958 71 41 2-623 | ee eel ean Seen aErioss eame cc ME esa seaeor NGS 7/ 
10.8 | 10.4 | 70.5 | 40.5] 111 33, (55 | Piece [Eee S| US a RS (ee | Ue mM Re a ged 14.2 
19.3 | 10.3 78 40 | 118} 46.8] 90.7; 6.5] 47.6 | 27.7 | 58.4 |2,540 |1,210 | 12.2 
12.8) 7.5 90 PAS ee Le eS ale All encase Poaeee saecer| Geeaneleseese 7.2 
16.0} 8.9 84 34 118 | 44.0} 83.7 | 6.6 | 47.6 | 27.7 | 58.4 |2, 540, |1,210 9.7 
Leth | Os 2 74 27 | 101 !]12.9} 100} 8.0 | 51.0] 31.5 | 60.9 |4,614 |2,354 | 25.1 
6.0 | 5.3 72 29 101 | 11.2} 100] 7.5 | 49.4 | 28.3 | 57.6 /4,312 |2,132 | 21.2 
6.8; 6.0 73 | 28 | 101 | 12.0} 100| 7.7 | 50.2 | 29.9; 59.2 /4,463 |2,243 | 23.1 
ha2) i 26.6, 84 37 | 121] 7.6} 92.3] 6.0} 34.0] 18.2 | 37.4 |3, 680 |1, 253 8.4 
TUM er / 84 37 | 121 | 17.9} 87.2) 6.5 | 41.8 | 22.6 | 54.1 |4,720 |1,973 | 18.4 
Teh) Gail 84 37 | 121 | 12.7) 89.7] 6.2 | 37.9 | 17.9 | 45.7 |4,200 |1,613 | 13.4 
Tots 167) 71 BA TB bs Tie8y [eae B20 hs eee epereteis|serserce| (len se es sell ee oe 
Da) e655 71 32 103:|Kedemls 22 2 SAEs adel ecg ees EL SE Soe E ae geees 
7A | 6.8\) 7 | (32 | 03 |) male Bab | seep sy i abee PRINT ES ad Yen eh ee 
| 
eee Z Pal) east 64 26 90} 9.5] 76.9] 6.0} 32.8 | 18.5 | 56.5 |4,666 /1,5383 | 14.9 
- 41.9 | 28.8 68 44) 112 | 31.3] 82.2] 8.0} 30.9 | 20.9 | 67.7 /3,820 |1,180] 13.8 
ed hr4 4b 77 29) 10a P2486 220) oc oalee eee HONGs| See 1880) |ess- =< 3.4 
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Table XX XI shows that the duration of the growing period has 
varied from 90 days, in 1915, to 121 days, in 1912. Their earliness, 
therefore, is comparable to that of the milo group and indicates some 
promise of usefulness in this particular line. 

The stand obtained has varied considerably in the different years. 
In 1910, when the spring was extremely dry, the stand was better 
than that of any of the kafirs or milos. The poorest stand was 
obtained in the wet spring of 1915, when each plant had 42 inches 
of space and the sucker production of 31.3 per cent reduced the stalk 
space to only 29 inches. Sucker production in 1910 averaged 44 per 
cent of the total number of stalks, while the percentage in 1915 was 
the next highest. 

The yield of Mukden (C. I. No. 190) is only 11.3 bushels per acre in 
the eight years for which the record exists, there being no record in 1908. 
The average acre yields of the two varieties in the five years from 1909 
to 1913, inclusive, in which both were grown, were’ only 11.7 and 
12.5 bushels, respectively. These yields are too small to be very 
encouraging. The yield of No. 190 in 1915, the year of bumper yields, 
was only 13.8 bushels per acre, due partly to the very thin stand, no 
doubt, but not indicating high productiveness under favorable con- 
ditions. The annual and 9-year average yields of White. kaoliang 
are compared with those of other kaoliangs in Table XXXVI. 


THE BLACKHULL KAOLIANG SUBGROUP. 


This subgroup of kaoliangs is distinguished by black glumes and 
white kernels. Three different introductions have been under ex- 
_ periment in varying numbers of years in the 9-year period from 1908 
to 1916, inclusive. The results are given in Tables XXXII and 
XXXII. Only one of these varieties has proved at all promising. 
Brill (C. I. No. 120) was too tall to be satisfactory and too late to 
make good yields and was discarded at the end of six years. Korean 
(C. I. No. 412) also was tall and late and frequently gave only thin 
stands. It was placed in the experiment in 1910, continued for five 
years, and discarded at the end of 1914. Only Barchet (C. I. No. 310) 
has been carried throughout the 9-year period. 

The stands obtained from the Barchet variety have been unusually - 
uniform. The 9-year average plant space has been only 8.4 inches. 
The closest spacing was 3 inches in 1914, and the widest spacing 
14.2 inches in 1916. In the dry spring of 1910 and the wet spring of 
1915 the plant spacmgs were 13.8 and 10.7 inches, respectively, 
much closer than in most of the milos and kafirs. The average stalk 
space has been only 5.5 inches. The closest spacing was 2.7 inches, 
in 1914, when the plant space was only 3 inches. The widest spacing 
was 8.2 inches, in 1909, when the plant space was 8.9 inches and only 
7 per cent of suckers were produced. Tillermg has been in direct 
proportion to stand except m the year 1909. The average production 
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of suckers has been about 28 per cent, or about 1 sucker to every 
2.5 main stalks. The lowest production was 4.4 per cent, in 1914, 
and the highest was 56.4 per cent, in 1910. In no other year did the 
proportion exceed 1 sucker to each main stalk, though in 1916 this 
proportion was closely approximated. 


TasLeE XXXII.—Agronomic data for Blackhull kaoliang grown at the Amarillo Cereal 
Field Station during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds. | 


{ 
Row space. | Length of period. 24 Seed in— Yield per acre. 
Saelaas, 
' & i) 
Year ud Gab: Fi alas = g = 
Oo. . . Leto} ww. “ a A= 
SIPS ARS) TREO Co Ol Mis eee ile pal RS Uae 
Sa ele Slee Se Ss eis ees eg lee 
3 3 ae 2 ois $s 3 13) ® © d 6 d g 
a DQ > & |a n a |e xq S) q a q n 
1908: Ins. | Ins. | Days.| Days.| Days.| P. ct.| P. ct.| Feet.| P.ct.| P. ct.| P. ct.| Lbs. | Lbs. | Bus 
D5 aioe ee ARTS eevee 78 47 | 124 | 48.97)...-.. Ra Co es Reee scl SS eerie eeeHou Heeoue seemed: 
Bl Oar 9.7 | 6.0 74 26 | 100 | 38.2 |...... | ESO) Niamey eeeiea| eer che al eseenesel ese 43.1 
Average.| 11.9 | 6.6 76.| 36.5 |112.5 | 43.5 |.....- Gia Pros er (eater SRB BS eGo soso os) teerer 43.1 
1909: 
TQO is Hh eee AS OSD CPAs Sao aes GHG Se ae | ME pce ee Bee See oS pee A OA ec OPS (ORS 
SO) Sah ee 11.6 | 10.4 aa | See eee 10) Shel aeeeetetcl eect | eseicresea ese eeenel lene tetr rye oe ream a eae ie 9. 4 
SLOMAN 10.9 | 10.1 (775 | Ra eee oa Bets tcl | SAG acetic een 5 tegen Leen te at el © 9.4 
Pl Oey ee cio 6.8 | 6.4 Hida eee ee eo ce eR =, Pes yeenl| ee tea il ya si ee Sa lke eae te a SDT 9.4 
LOE ee Re 6.2} 5.9 coll ais eee eer ZU CASS AB SSE ine he aeres elle at be a eee ke 9.6 
Average.| 9.4) 8.5 | 79.4 |......]....-. Ch On Peeo mel Pac scllemoe ec amine jecmeacl sales ieee 9.4 
1910: 
TOQUE ess: 16.8} 7.1 90 50) | 0) |) Gd. GTO). FoR Nee Sosclladsoselladosdcliaceosalaanabe 1.8 
ml) Boneeaeos 13.8 | 6.0 90 21 111 | 56.4 | 65.3 | 4.2 | 38.1 | 18.0 | 47.3 |2, 766 |1,053 8.6 
LOA pieteh ts aa 9B, 7h |) Us at 85 SU be THI) Gye heW hehe Os Ae ees eee ee el ed 10.3 
Average.| 18.1 | 7.7 | 88.3 | 28.3 |116.6 | 56.8 | 60.7) 6.1 | 38.1 | 18.0 | 47.3 |2,766 {1,053 6.9 
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120 et ea. 15.1 | 10.0 73 35 | 108] 33.8 | 100) 7.0 | 49.5 | 28.2 | 58.4 [3,965 /1,915,] 19.3 
AND raverserete ss 11.4] 6.4 78 30 | 108 | 43.3 100 | 7.0 | 38.9 | 21:3 | 55.1 [4,337 |1,687 | 16.0 
SLOP ice eke 5.7| 4.6 73 35 | 108] 18.5] 100} 5.3 | 55.9 | 34.3 | 61.3 [5,333 |2,984 | 31.6 
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1912: 
M208 Be: 6.4] 4.8 87 34 | 121 | 25.3 | 14.7] 6.0 | 43.5 | 21.1 | 48.3 4,200 |1,830 | 15.3 
a Pe eee 22.9 |. 6.4 87 34 | 121 | 72.5 |100.0 |} 6.0 | 49.0 | 25.8 | 52.6 |4,060 |1,993 | 18.1 
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1913: 
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Average.| 7.1] 5.2 74 28))|=2102)) 24542 ee ETD eon | apn erere i ce SO ANE RA REST SLT 
1914: eae ae ea PRE | TWelRiag Rene gue 
BLOAT aot thc SEW PLZ 71 25 96| 4.4) 34.3) 4.0.]...... We eecooe 3, 240 |..-... 6.2 
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1915: 
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Barchet kaoliang is fairly early in maturing. The data cover only 
eight years, the record of 1909 bemg incomplete. The average 
duration of the vegetative period is 76.5 days, of the fruiting period 
30.5 days, and of the entire growing period only 107 days. This 
period is of about the same length as that of milo and Dwarf milo, 
but is more than two weeks shorter than that of even the earliest 
kafir. The shortest growing period recorded is 96 days, in 1914, 
when the duration of the vegetative period was only 71 days and the 
fruiting period only 25 days. In that year, however, only the earliest 
heads appeared. The longest growing period recorded is 124 days, 
in 1916, when the vegetative period occupied only 77 days, but the 
fruiting period was prolonged by drought to 47 days, the longest 
yet recorded for this variety. The shortest fruitmmg period was 21 
days, in 1910, correlated, however, with the longest vegetative period, 
or 90 days. The shortest vegetative period was 65 days, in 1915, a 
year of abundant moisture, in which this variety ripened in 103 days, 
while most of the grain sorghums required more than their average 
time in which to mature. 

The average height of the Barchet kaoliang is 4.3 feet under the 
conditions obtaming at Amarillo in the last nine years. The lowest 
stature in any year in which grain matured was 3 feet, in 1916. The 
tallest growth was made in 1911 and 1915, when its height was 5.3 
feet. 


Taste XXXIII.—Annual and average acre yields of all lots of White and Blackhull 
kaoliang grown at the Amarillo Cereal Field Station during periods of varying length 
in the nine years from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds. ] 


Annual yields (bushels). Average yields. 


Subgroup Cal 6 years— 


and varieties. | No. j 8 years 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 1908 | 1910 1909 to 1916. 

to to 

1913. | 1915. 


White: Bus. | Bus. | Bus. | Cwt. 
Mukden...|} 190 |....-- D258 a2 252 8.4 0} 14.9 | 13.8 BC bel ee 12.4 | 11.3 6.6 
Do....| 272} 18.1 |} 15.7 Mae als 2a eae |. SORE cess pee en| eee e Ti Aa ee aca Basen | see 
Blackhull: 
Brill es se 20 bl eee ee Boe sue 1.8 | 19.3 | 15.3 Ct) spe eee fy | re el ee ee 
Barchet...| 310 | 43.1 | 29.4 8.6 |@30.7 |a14.4 0 6.2 | 45.8 3.4 | 17.7 | 17.6 | 14.8 8.7 
IKeoreane= == |pr4loy sees aaa 10.3 | 16.0 | 18.1 OM SLORA RS D5 | Sie ceo es iors 0 Acie | pee cee | ere 


a Average of three plats. 


The annual and average acre yields of Barchet kaoliang in the 9-year 
period are shown in Table XX XIII, compared with those of White 
kaoliang. The 9-year average yield has been 18 bushels, based on 
the records of 16 plats. This average yield is from 4 to 10 bushels 
lower than those of the milos and feterita, is a little lower than those 
of White durra and Dawn kafir, and is better than those of either 
Blackhull or Red kafir. Barchet kaoliang was able to make a small 
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yield in 1916, when the later kafirs did not produce any grain. The 
highest yield made was 45.8 bushels, in 1915. Many of the grain 
sorghums made much better yields in that year. The lowest yield, 
excepting the failure of 1913, was 3.4 bushels, in 1916. In 1911 this 
variety made the very good yield of 30.8 bushels as the average of 
three plats. The annual and average yields of the Barchet are com- 
pared with those of leading varieties of the White and Brown sub- 
groups in Table XXXVI. 


THE BROWN KAOLIANG SUBGROUP. 


The Brown kaoliang subgroup contains a numerous collection of 
very diverse varieties. Some are early, some midseason, and some 
late. Some are dwarf, some midsized, and some tall. Some have 
very compact heads; others have open and spreading panicles. All 
are introductions from China and Manchuria. Almost all of them 
were mixed when received, and many of them contained hybrids, 
probably due to their having been grown in mixtures in their native 
land. 

Those varieties which the preliminary experiments showed to have 
some promise for American conditions have been carefully selected 
and better races developed. For the most part, however, they have 
not been able to compete with the milo and kafir varieties in yield. 
No less than 33 varieties and selections of these brown-seeded kao- 
liangs have been grown. There were 19 when the experiment was 
begun in 1908. The maximum number in any one year was 23, in 
1913, and the smallest number grown was 8, in 1915 and 1916. The 
results obtained are presented in Tables XXXIV and XXXYV. 

Since the varieties included in this subgroup are so very diverse, 
it is impossible to interpret their performance and value by a dis- 
cussion of average results. It is possible, however, to present the 
average results obtained from two or three of the best varieties. 
The most promising of all, and the only one that has any commercial 
importance, is Manchu (C. I. No. 171). It was obtained from Japan, 
but without any doubt is a native of Manchuria, whence other 
almost identical forms have been derived. Figure 11 shows a plat 
of Manchu kaoliang (C. I. No. 171) grown at Amarillo, Tex., in 1908. 

The most prominent characteristic of Manchu kacliang has been its 
earliness. In 1908, a fairly normal season, it matured in 89 days, of 
which the vegetative period occupied 62 and the fruiting period 27 
days. The only other variety as early was C. I. No. 261, an almost 
identical form of this variety, but not as good a yielder. The shortest 
growing period was 80 days, in 1914, and the next was 83 days, in 
1969. In these two years the yields were 20 and 18.1 bushels per 
acre, respectively. The average duration of the growing period has 
been 93 days, of which an average of 65 days has been occupied by 
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the vegetative period and 28 days by the fruiting period. The short- 
est vegetative period was 60 days, in 1914, and the shortest fruiting 
period 19 days, in 1909, a very dry year. The longest vegetative 
period was 73 days, in 1912, and the longest fruiting period 36 days, 
in 1910, a very dry year, and again in 1915, a very wet season. It 
is noteworthy that in 1909 three selections matured in 83 days, 
while four others required 91 days, the difference being wholly in the 
fruiting period and caused perhaps more by the thinner stand of the 
latter than by any other reason. The average stalk space in the 


Fie. 11.—A Plat of Manchu kaoliang (C. I. No. 171) at the Amarillo Cereal Field Station, August 20, 1908 


three early lots was 3.4 inches, while in the four later lots it was 9.1 
inches. 

The stand obtained from Manchu kaoliang has been remarkably 
uniform. The closest spacing has been 3.4 inches and the widest 
25.5 inches, which occurred in 1916. In 1910 the spacing was one 
plant to each 14 inches. Only in these two years did the spacing 
exceed 8 inches. The 9-year average plant space was only 8.7 
inches. In the eight years, omitting 1916, the stalk space ranged 
from 3.4 inches to 7.1 inches. In that year, when the plant space 
was 25.5 inches, the stalk space was reduced only to 17.7 inches by 
the 30.8 per cent of suckers produced. The average stalk space in 
the nine years was 6.5 inches. 
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TaBLE XXXIV.—Agronomic data for Brown kaoliang grown at the Amarillo Cereal 
Field Station during the 9-year period from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Row space.| Length of period. 2 ; Seed in— | Yields per acre. 
o =] . 
bo : ee ae a 
ew anes. 1. E =A Z P be = g § 
s 3 A | feo] & 3 = 2 es = eA : 
4 a) las ad zz 6D zz rot so) a Z a} 
peor ere Sime Ss eis ie i sh eh ss 
a |> | le mee jy A a ee | | 
1908: Ins. |Days. |Days. |Days.| P.ct.| P.ct. | Feet.| P-ct.| P.ct.| P.ct.| Lbs. | Lbs. | Bus. 
122-2...-.-- 6.7 75 74ev\\ 7 108) |) RS) | essooce RD lascotdloedcc al Sadode sdsesalless6ée 33.9 
12S). ost sl BeBe eA Sees 75 28 : 
123-12. = - 7.4 75 29 
18 dan 8 Been Boeeee 75 29 
Ii EN aeaee 6.4 63 27 
PASBe ee : 6.0 62 27 
PiU-Oie 2: 5. 62 27 
e104 2 2h. 6.0 62 27 
Ae BA) a eee 62 27 
LE Ue eee 7.4 68 27 
B92 5F hes 8.0 68 26 
MOSS. Soe 8.0 68 27 
DOU 6.7 62 23 
2 eS See 2 62 33 
265... = 62 28 
UGE. Ss ee eal eee 73 29 
Li ee are : 3.4 67 31 
2 Beta Soaced Basse Sees 
BOD eck : 4.9 73 26 
1909: 
122-2... 12.5 70 28 
122-3......- 11.0 70 28 
193 ease 9.9 
(i 9.0 
ii pees 9.2 
17) Ea! eae 8.9 
i fi 3.9 
i() Pee 3.3 
Ae cee 3.0 
9.4 
13 eee eee fis 
7) ie ang 8.2 
Pol Re ae eee iiak 
pe ae 8.5 


uh Sco 19.3] 8.8 6 .0| 4.7} 49.4 | 24.9] 50.4 |2, 796 [1,346 | 11.7 
Se 12.8] 6.6 5 -5| 4.7] 31.6] 12.0] 38.0|3,145| 995] 6.5 
iC aie 16.9| 8.0 5 -0| 5.5 | 59.3 | 38.0 | 64.0 |2; 600 |1,543 | 17.0 
timer. 5 11.6| 6.2 6 .0| 4.7] 55.5 | 36.0| 64.9 [2,699 |1,499 | 16.8 
aie 33.1 | 19.2 9 -4| 4.7| 49.4] 97.4] 55.4 {2/010} 993] 9.5 
aaa 41.0| 17.4 6 .5| 4.5 | 59.4] 33.0 | 56.0 |1, 736 |1,031 | 10.0 
ets 43.4|23.9| 56] 36| 92] 44.9 |a106.8| 5.2| 46.8 | 25.1] 53.6 |1,424| 666 | 6.2 
ape 2 13.9] 8.5] 80] 31] 111] 39.1] 69.2] 2.7] 50.5| 18.3] 38.1 |2,102 1,062] 6.6 
nee 37.0] 11.8] 77| 40] 117] 68.2] 95.8] 5.5] 65.1] 33.7| 51.6 |2) 494 |1,624 | 14.5 
ci. es 42.1|/12.0| 77| 40| 117] 71.4] 96.8] 5.0| 62.5| 36.7 | 58.7 |2,460 |1,537 | 15.6 
Stee ei 15.8| 6.0} 90) 21} 111] 62.1) 63.3 | 4.7 | 49.2 |-26.5.| 54.6 |--..--|..-.-- 6.5 
ops ae OA ess Ol 8) NK |e. 124 5 | au ht S|) G153 Mes. 2) RG OLAS ch [oe ei eae Eo 5.8 
3/2 ae TIA | Leekz.a7ph |i hess S| PSE H BUG |" Spe Ly Oy eC) bigeye Vtg ha ee 9 NG 8.2 
25 a any 247, 15.81) .60)|-7. 2G)|8 86'| 36. 2)tet02. 8,1. 5,2 |slc-. ile 2). l|esss5L 1,630 | 793 | 7.5 
ioe ees F783 WALL OR Iida || Par e9) Mencl|” Sy imi ||) oe 4 eee PS aad Pa | ae 10.6 
Hie ENE DAAGH) 7eSu SO ge 40NI 100) | 7A Sane. 2 (KG ZA Smeal (GS ein [Dae [Baas [S20 I 8.3 
oe me en Ae eer SON 5 28h 10811 A910l Mm? 0) KEK} eaten tec MOREE GR) EIT 2537) 14.3 
aa 27a (GRR eck cll Min yal eee |” 7M] Oot) Fe g(a ag Ce 6.3 
ny a es PRS et Gila SO) |e 28 lth FOS [e385 ES. 5s PMONOL ER teehee tl eT (025273 14.2 
Average.| 23.6 | 11.4] 77]| 31.5 [108.6 | 51.1| 87.2| 5.3 | 52.6 | 28.3 | 53.2 12,275 |1,189 | 10.3 


a Includes mature heads on branches. 
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TABLE XXXIV.—<Agronomic data for Brown kaoliang grown at the Amarillo Cereat 
Field Station during the 9-year period from 1908 to 1916, inclusive—Continued. 


Row space.} Length of period. g : Seedin— | Yields per acre. 
o 
Year and C. I. Ei ar leis Re eta ie a 
No. a - = Se seep Z = ses . 5 . 
n . a o a 0 i) = ae a 
| Fa © 4 | Ba] "g| ew | fem) |) Es a Kos é 
Ss 3 bo =) S 3 o 3 o S ° a) ° g 
a D > me |e n ss ea q 6) = ss) D 
Ins. | Ins. |Days.|Days. |Days.| P.ct.| P.ct. | Feet.| P.ct.| P.ct.| P.ct.| Lbs. | Lbs. | Bus. 
TO |) We NE eR Be ae : 7.0 | 57.3 | 36.6 | 64.2 |4,330 |2,485 | 27.5 
11.4/10.8] 66] .30} 96 5.8 | 56.3 | 37.4 | 66.5 |3, 880 |2,185 | 25.1 
bil |) ee i Ge 291 95 6.5 | 56.9'| 35.7 | 62.6 |4, 760 |2,710 | 29.3 
LEAL tae (hv 3 29 92 6.5 | 45.1 | 27.7 | 61.4 |8, 856 |1,740} 18,4 
Loy ll ver 63 29 92 6.5 | 44.5 | 26.6 | 60.4 |3,356 {1,496 | 15.6 
nh Bs |] GO| Ba 91 5.6 | 52.0] 28.9 | 55.6 3, 830 |1,995 | 19.2 
Le GeO |) GL 30] 91 6.5 | 51.9 | 37.7 | 72.7 |8,610 |1,875 | 23.5 
3 || 33,5) 73 37 | 110 5.5 | 45.1 | 24.5 | 54.3 |5,085 |2,275 | 21.3 
lh Bbo 85 25} 110 6.5 | 33.6 | 19:3 | 57.5 (5,635 |1,895 | 18.8 
Ma age e|| earal 25 | 96 8.0 | 46.0 | 28.4 | 61.2 /4, 031 |1,856 | 19.8 
0) 6.5] 92 18 | 110 6.3 | 18.2] 5.1} 28.0 [5,875 |1,075 | 5.2 
Le || Zhe | Oy 18 | 110 5.5 | 37.2] 15.0 | 40.0 |5, 262 |1,962 | 13.7 
583 eZ | 3} 27 | 110 7.0 | 46.5 | 21.9 | 47.0 |5, 987 |2,787 | 22.6 
mb Feu 71 30} 101 5.8 | 56.4 | 35.6 | 63.7 |4, 364 [2,454 | 26.9 
b@ | Bi. 7a 30 | 101 3.5 | 65.2 | 40.8 | 62.6 |8, 917 \2,557 | 27.6 
59) Ge wil 41} 112 6.5 | 58.9 | 35.6 | 60.3 [5,047 |2,977 | 31.0 
Li BS wa 27; 98 6.0 | 40.4 | 31.0 | 76.7 |4,956 |2,006 | 26.5 
Li) 4b83 83 36} 119 8.0 | 29.5 | 13.9 | 47.2 |7,025 |2,075 | 16.9 
SB 4B GB Ze in 6.3 | 61.0 | 29.6 | 48.6 |4, 493 2,743 | 22.9 
.5| 68] 68} 42] 110 8.0} 51.3 | 30.0] 58.4 |4, 725 |2,425 | 24.4 
oT bed 68| 28] 96 6.3 | 55.8 | 32.6 | 58.3 |4, 984 |2,784 |] 28.0 
Average.| 8.7| 6.1 W2NRZ0%6HLO25ON te 5405 | see eee 6.3 | 48.0 | 28.2] 57.4 [4,712 |2,207 | 22.1 
1912: saree 
MOS ere 4.9] 4.5| 84] 37] 121] 7.1] 72.6] 5.0] 30.8] 12.8 | 40.0 /4,340 |1,340| 9.3 
193! ss aesces | 59 | 5.7 76 22 98 | 3.7] 96.2] 4.5 | 33.9] 18.2 | 53.6 4,860 |1,650] 15.3 
lees an eres 3.0] 2.9 73 25 98] 3.3] 96.2] 5.0] 44.7] 25.4 | 56.9 /4,430 |1,983 | 19.5 
Dhl 41] 40] 66] 28] 94] 2.1] 98.0) 4.3 | 47.6 | 28.3 | 59.5 [3,340 |1,590] 16.3 
SHEE cosas | 5.4] 5.3] 57] 34] 91] 1.0] 98.9] 4.0] 56.1 | 33.6 | 59.6 [2,600 |1,460] 15.1 
SIRE Deen RB AOS |) Be BA Ol lence) 98.3 | 4.0 | 56.9 | 35.7 | 62.9 |2,380 |1,355 | 14.7 
BOSS: sue 3.9] 3.9] 67 Dp | OE Iesasee 98.3 | 4.3 | 51.1] 29.9 | 58.5 |8,030 |1,550} 15.6 
SOAS he BO | ZO |) sy 34 | 121 | 23.2} 66.0] 4.8] 38.1] 16.0] 42.0 /4,540 |1,730| 12.5 
SOG ume ce 2.9| 2.6] 94] 28] 122] 8.2] 39.2] 6.0] 16.5] 6.0] 36.3 [5,180] 855] 5.4 
SOT Ane DM | Bi 87 28| 115 | 4.4] 61.2] 7.0] 27.1] 8.6] 31.7 |4,000 |1,088| 6.0 
DiGokeon nous 7.0| 3.6] 104] 25] 129/488] 6.6] 5.8] 2.2] .7] 31.9 |5,269|] 119 aw 
Dieses oes 8.1] 3.1] 104] 25] 129/]61.9] 8&7] 5.0] 4.5] 1.2] 28.6 |4,820| 219 Tal 
DIN e ee 2.1) 2.0} 118} 34] 152] 4.6] 61.4] 6.0] 28.9 | 10.0 | 34.7 |5,600 /1,619 | 9.7 
(QUE eaees 4.1) 3.8] 84| 37] 121] 6.4] 89.6] 5.0] 35.9 | 13.3 | 37.0 [4,480 |1,610 | 10.3 
203 ess Bec S|] Se | ey 34 | 121) 2.1] 87.2] 3.0] 29.6] 88] 29.8 3,380 |1, 003 5.2 
300 aa eee 4.0| 3.6] 87 34| 121) 8.6] 76.7] 4.8] 33.9] 16.1] 47.5 |4,010 |1,360| 11.2 
AIS Sve G77 || ZR 87 28) 115 117.6] 79.6] 5.0] 29.4] 11.4] 38.7 |4, 460 |1, 313 8.8 
ATA te eee 4.0| 3.6} 94] 30] 124] 84] 44.7] 60] 10.8] 5.8] 53.7 4,746] 512] 4.7 
ADT Natracee 4.8| 3.1 76 | 28| 104 | 84.6] 92.2] 4.5 | 50.1] 26.9 | 53.7 [3,900 |1,958 | 18.1 
ADZ i des wees EF) BG 78 28) 104) 3.7] 94.5] 5.5 | 44.4] 25.8] 58.3 |4,475 |1,988 | 20.0 
ADCS SEER ee 849) S61) zal 27) 98] 6.0] 94.9] 4.5] 50.5 | 31.0] 61.4 /4,760 |2,408 | 25.5 
ATG ee eee 39.6 | 22.3] 71 33 | 104 | 43.6] 61.4] 5.5 | 58.8] 39.4 | 67.0 [1,700 |1,000| 12.8 
Average.; 6.1] 4.6 
1913: eerie 
LOB seas 
193! oye ss 1 1 
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TaBLE XXXIV.—Agronomic data for Brown kaoliang grown at the Amarillo Cereal 
Field Station during the 9-year period from 1908 to 1916, inclusive—Continued. 


Row space. | Length of period. i . | Seedin— | Yields per acre. 
a ' a S' 
Year and C. I. 2 ae tle 2 S, 
No. ze bo le D i! g a= : = i 
ee es cee he cra Saale el oscioe [Lee ig eer SK Rl [alc 
5 ee bel feat i ea al sel tata [an cee ea Dr re eo kt (ae 
S&S ¢ = iS) 6) a) Ss cS) 
up | eer Sea ager ypu Wiest) Mesum lietse (a) fies an [MMS cg) Msc) r= gl bee ae 
1914: Ins. | Ins. |Days.|Days. |Days.| P.ct.| P.ct. | Feet.| P.ct.| P.ct.| P.ct.| Lbs. | Lbs. | Bus. 
7A area eee 6.5 5.1 60 20 80 | 21.9} 97.5} 5.3 | 57.5 | 35.1 | 61.0 |3,300 {1,900 | 20.0 
20S ese Bode |e ele 53 20 73 -8| 94.1 5.5 | 58.7 | 30.7 | 52.3 |2,860 |1,680 | 15.2 
875 Be ee Se) Sauk 52 22 74 -4| 94.5 | 5.8 | 66.9 | 31.7 | 47.5 |2,900 |1,940] 15.9 
B28 lees 2s. 3.1 3.1 51 21 72 -O| 97.3] 5.8 | 68.6 | 37.3 | 54.4 |8,000 {2,060} 19.3 
Bie hee PAU) et dl 25 96 -5 | 34.3 | 4.0] 25.3] 9.5 | 37.6 [5,440 |1, 380 9.0 
7a ee 4.0} 3.9 64 32 96 -3 6473) | onUt|eoeces PAR OIE Satis 25180) |e ose 12.4 
(4 Bee ee 4.0} 3.9 60 29 89 -3| 77.9 | 4.8] 50.9 | 28.0 | 55.0 |4, 280 |2,180 } 20.7 
ADs. s 3.16) ]| 2.5 58 27 85 -3 | 66.2 |) 4.5 | 50.8 | 24.5 | 48.2 |3, 800 |1, 933 16.0 
OB aes 3.4 | 3.4 58 29 87 1.0] 68.5 5.8 | 57.1 | 31.7 | 55.5 |38,150 {1,800 | 17.2 
ADAS Sas 253 == De Dh || ded 56 29 85 -2{| 81.9} 5.3 | 47.0 | 24.0 | 51.0 |5,000 |2,350 | 20.7 
ee 4.1 |° 4.2 56 29 85 -6}] 79.5) 5.3 | 52.0 | 30.6 | 58.8 |3,166 |1,700 | 17.2 
Average.| 3.5 | 3.3 58 | 25.7 | 8.8 | 2.4] 77.8 | 5.0 | 48.6 | 28.0 | 47.4 |3, 606 |1, 892 16.7 
1915: 
Milecasssees 4.0 | 3.8 67 BIS) || a Zee PARDO Ey No Seal eae See ee ell See oe) Goodie 46.6 
PAU) eae 4.7 | 4.2 62 32 94} 9.4} 92.1 Gees eee Jentcos) seodo0| socccalbosoce 29.0 
B28: soos ok AG? |eded: 62 32 D456 7am oO: Gh Gaye eee Iscocec fiwtteas|Seees ance eS 24.8 
5o1 ay a hoy EsGs |e 56s | oe B8il. 94/1 2: SOR. 5 Ny 5B ae Sol 3 2 ake Elles ae ee = 21.5 
5 7 a 4.7) 4.2 76 43 119 | 10.7} 92.7] 5.0 | 42.3 | 26.1 | 61.7 |7, 800 |3,300 |} 35.2 
25a 55555 = vd es6.,9. 71 39} 110] 3.8] 96.7] 3.8] 57.3 | 38.8 | 67.8 |5, 760 |38,300 | 38.6 
ALS eae ac ose 6.8 |) 5.3 71 OS Wea kN PA ECON AGT eee Bienes) ei sere te ge Sl ee 48.6 
CO) ee ees 4.7 | 4.4 67 52 119 DOs MLOOL ORees a oulwe ses le ee |e ue es 38.9 
Average.; 5.8] 5.3 66 ZN) SER Th eRe RABE GEO aR AS oo besos s| heseeol baosccleckose 35. 4 
1916: 
Dis seS2es 2% Donor te bie ct 70 27 97 )°3058) 86. 2 ere: OE a. -- Bia hd eee 6.6 
“ -| 9.9] 8.3 59 23 S27 Los Mieao.9 | od) |Soecs= 34.8):|o.-255 a0 
-| 13.6 | 10.9 58 30 88 | 19.7 | 73.6} 3.0]. Spal ene ee 5.2 
-| 13.0 | 11.4 57 24 81) 1224 W787) 3.8) |- Dal ee aoe 3.4 
-| 10.0!) 6.3 84 51 135 | 37.1 | 45.2) 3.5 |. LOZ OL Gseaee 4.1 
=) Ua er 6 ab 84 51 135'| 19.1 | 42.2 | 2.3 |- S.G60sc 22 AYE 
-| 13.0] 86 83 35 118 | 33.5) 39.1) 3.5 |- Ge ase ree 2.7. 
| its & lide. 1 75 43 | 118 | 26.4] 73.7 | 3.8 ASSET Eee 3.1 
Average.| 14.9 | 11.2} 71.2 | 35.5 |106.7 | 24.3 | 63. 0 | OF Eeaees Dacha 4.0 
| 


Manchu kaoliang does not tiller as freely as most of the grain sor- 
-ghums. The largest percentage of suckers produced was 49.5 per 
cent, In 1910, when the plant space was 14.2 inches. This was one 
sucker to each main stalk and reduced the stalk space to 7.1 inches. 
The average height of this variety has been 5.1 feet and the variation 
from 3.5 feet, in 1913, to 6.5 feet, in 1911 and 1915. 

The annual and average acre yields of leading Brown kaoliangs 
are brought together in Table XXXYV, and the acre yields of the 
leading varieties in all three subgroups are compared in Table XX XVI. 
The 9-year average acre yield of Manchu kaoliang has been 21.2 
bushels. This exceeds the yield of any of the kafirs or White durra, 
but falls just below those of Alba milo and feterita. It is about 3 
bushels below the average yield of milo and about 7 bushels below 
that of Dwarf milo. Although this kaoliang failed completely in 
1913, as did all the grain sorghums, it has given better yields in the 
other dry years than most of the varieties. In 1916 its yield was 6.6 
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bushels. The next lowest yield was 16.9 bushels, in 1910, a very dry 
year. In 1915, the most favorable season of all, however, its yield 
was only 46.6 bushels per acre, which was 15 to 20 bushels lower than 
those of some of the best varieties in other grain-sorghum groups. 


Taste XXXV.—Annual and average acre yields of Brown kaoliangs grown at the 
Amarillo Cereal Field Station during periods of varying length in the nine years from 
1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 58 pounds.] 


Annual and average acre yield (bushels). 


: C. I. ; 4 6 7 9 
Variety. | No. years,|years,|years,| years, 
1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1910 | 1908 | 1910 | 1908 


0) to to to 
1913. | 1913. | 1916. | 1916. 


4.4 ils ; 0 2 

Tientsin. IPR alee eel! shia) hPa) |) tbe) Os) peetecliocione Seen O38 94s |e ee |e 
Manchu....... 171 |a33.4 |a18.1 | 17.0 | 29.3 | 19.5 0 | 20.0 | 46.6 6.6 | 16.5 | 19.6 | 19.9 21.2 

alin 2 Cees 193 | 26.3 | 12.8 | 10.0 | 25.1 } 15.3 icesandlbecsee|bosous Li Pal ee Bites ese) eye 
Manchu......-. 261 | 20.9] 11.4] 6.2] 18.4 | 16.3 0 | 15.2 | 29.0 5.5 | 10.2 | 12.2 | 12.9 13.7 
Shantung..... 293 | 33.6} 3.5] 6.6 | 27.6 | 5.2 0 | 12.4 | 38.6 6 7/ 9.9 | 12.8 | 13.2 14.4 
Valley ..--.-.- 309 | 37.4 | 16.0 | 14.5 | 31.0 | 11.2 (WH Be asoelbacsad boseec 1 SOT kare 40 en ae oes 
Chusan......- O24. [Leses=leeae ae 6.5 | 21.3 | 12.5 0 9.0 | 35.2 A MOM |S soe IPS Nees 
Hankow.....- SA BoaoeclsoonnS 5.8 | 18.8] 5.4 (OH en een| eae poaeee Moe) Saaaer Meese ects 
Redstem.....- BPH le kente Sle ee ie 8.2 ]}19.8}] 6.0 ON ee a ee ee eee CH Bape baeeee beac ae 
Manchu....... B28e ees | Sees a 7.5 | 19.2 | 15.6 0 | 15.9 | 24.8 5% |} IEG ie eee 1256) |soeee 
Choonchunesss | 413 to seesleeeene 10.6 | 26.5] 8.8 0 | 20.7 | 48.6 DST VATE SS || LGR |Eeeer 
Moose. ...-..-- VIS i oe 8.3 | 16.9} 4.7 Qin EERE epee S| cece (ROY eee hacen besos 
WAGE Sees e 2 AO iat ae Seen ees a 14.3 | 22.9 | 18.1 (4 TEES Nese scelleceece ABB leemard | Paeeae |eeeee 
Valley........ CORY ieee ses ae 6.3 | 24.4 | 20.0 1767) \osscclboscns 1 Cah ec al ae a ea 
IRATKersers ae ADA erase eee niee 14.2 | 28.0 | 25.5 0 | 20.7 | 38.9 Oo Lf LGS92 | 2-2 e 18363)| eee 


a Average of three plats. 


Two other races of Manchu kaoliang almost identical with C. I. No. 
171 are C. I. Nos. 261 and 328. Of these, No. 261 has been grown 
throughout the whole nine years. It is usually from three to five 
days earlier than No. 171, but seldom germinates to as good a stand 
and does not yield as well. The 9-year average acre yield of C. I. 
No. 261 is only 13.5 bushels, while that of C. I. No. 171 is 21.2 
bushels, or 7.7 bushels more. C. I. No. 328 was first grown in 1910. 
It is of about the same earliness as No. 261 and usually had about 
the same stand or a little poorer than that of No. 171. Its average 
acre yield in the 7-year period was 12.9 bushels and that of No. 261 
was 12.7 bushels, while that of No. 171 was 19.8 bushels. In the 
same seven years Shantung, No. 293, a very dwarf but stocky 
and later variety, produced 13.2 bushels. It is evident that while 
earlier in maturing, neither No. 261 nor No. 328 can compete with 
No. 171 in yield. No. 261 yielded 12.5 bushels less than No. 171 
in 1908, a good year, and 17.6 less in 1915, a year of bumper yields, 
in which No. 328 yielded 21.8 bushels less than No. 171. 

Another selection, C. I. No. 324, which is two to three weeks later 
than C. I. No. 171, has been grown during the last seven years. It 
was thought to be promising, but its average acre yield in that 
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time has been only 12.7 bushels, exactly the same as that of C. I. No. 
261. In addition, it was able to make a yield of only 35.2 bushels in 
1915, so it may be dropped from further consideration. 

The two selections, C. I. Nos. 413 and 424, are fairly promising. 
They are about 10 days later than C. I. No. 171, but about equal to 
it in height. Both have been grown only during the last seven years, 
and their average acre yields in that time have been 16.8 and 18.6 
bushels, respectively. The yield of No. 171 was 19.8 bushels in 
the same period, or 1.2 bushels more than that of No. 424. In 1915 
the yield of No. 413 was 48.6 bushels and that of No. 424 was 38.9 
bushels, the former exceeding the yield of No. 171 by 2 bushels in 
that year. Valley, C. I. No. 309, a variety about two weeks later 
and a little taller than No. 171, was grown during the first six years 
and produced an average acre yield of 18.4 bushels compared with 
19.5 bushels from No. 171 m the same years. Nos. 261 and 293 
yielded in the same years 12 and 12.7 bushels, respectively. 


COMPARATIVE YIELDS OF ALL THE KAOLIANGS. 


A survey of the comparative yields given in Table XXXVI shows 
that varieties of the brown-seeded kaoliangs have made the best 
average yields in both the 7-year and 9-year periods. In the 7-year 
period three brown-seeded sorts outyield the Barchet (blackhull), 
which in turn outyields the Mukden (white). In the 9-year period 
two of the high-yieldmg brown-kerneled sorts are not present, but 
the other three varieties maintain the same relative rank as before. 


TaBLE XXX V1I.—Annual and average acre yields of grain of the leading varieties and 
races in each of the subgroups of the kaoliang group of grain sorghums grown at the 
Amarillo Cereal Field Station in most or all of the nine years from 1908 to 1916, inclusive. 


[Im the statement of yields per acre the bushel is rated at 58 pounds.] 


Annual yields (bushels). Average yields. 
Subgroup and C. I. | 7 9 
tiatg Not years,} years, 


1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1910 1908 
(o) to 
1916. 1916. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ite: Bus. | Bus. | Cwt. 
Mukden.......-- 1OOMERe eee 12.8 | 12.2} 25.1] 8&4 ON TSO ASSES) os 4s eal | eee py | 
Blackhull 
IBarchetae-. 522. 310 | 43.1 | 9.4] 8.6] 30.7] 144 0} 6.2) 45.8) 3.4] 15.6] 18.0] 10.4 
Bro 
Manchu......... 171 | 33.4 | 18.1} 17.0 | 29.3 | 19.5 0} 20.0 | 46.6] 6.6] 19.9] 21.2] 19.3 
261 | 20.9 | 11.4 6.2 | 18.4 | 16.3 0 | 15.2 | 29.0 5.5 | 12.9} 13.7 7.9 
SOR weanrs eee 7.5 | 19.2 | 15.6 0) 15.9'| 24.8) 5.2 | 12.6].____. Hevea 
Shantung........ 293 | 33.6| 3.5] 6.6] 27.6] 5.2 0 | 12.4 | 38.6 UT) TBE ave 8.4 
@husanee oo. Say 1) Ee atl eos See 6.5} 21.3 | 12.5 0 .0 | 35.2 AE DE Toho aS eke 
Choonchun...__.. ATSy|Seaeeelnsee 10.6 | 26.5] 3.8 OF ZONA RASH ORs 2a 1658) |5 Se tee 
POT P- e ae sen bed ec alsacsoaloboses 14.2 | 28.0 | 25.5 0} 20.7 | 38.9 3.1} 18.6 


86 BULLETIN. 698, U. S. DEPARTMENT OF AGRICULTURE. 


Tur SHALLU GROUP. 


Shallu was introduced from India about 25 years ago and first 
grown in Louisiana. From there it was carried westward to Texas, 
where it is still sparmgly grown. In the past 10 years it has been 
widely exploited’ under fanciful and misleading names, such as 
‘California Wheat,’ ‘‘Egyptian Wheat,’ ‘‘Old Mexico Desert 
Wheat-corn,”’ ete. 


TaBLE XXXVII.—Agronomic data for shallu grown at the Amarillo Cereal Field Station 
during the 9-year period from 1908 to 1916, inclusive. 


{In the statement of yields per acre the bushel is rated at 58 pounds.] 


Row space. | Length of period. gw J Seed in— | Yields per acre. 
alee 
. 1 Qy =i . 
Year and a ” E om © a 
C.1. No. Bo g| sell eles “lees eal e alae ad rebel 
2 iviieeser) bee | Sent Pee obales a eae a 
Se ele ese ee ee ee dN eae 
S&S gs oO to) 5 oO oS oO ° c-3) S oO S 
4 n > FY a nD ea} ea jaa} Ss) a) a zal nD 
1908: Ins. | Ins. Dov, Days.|Days. Feet.| P.ct.| P.ct.| P.ct.| Lbs. | Lbs. | Bus 
Seen eae 10515 3328 HO) Baqces OceScae Assess) ease Secaae| pate ce 
DOs er Ce eae a3 SCO icy ereial taeseseaese rege ace Se ee ecaetl [na 2 a 
OY eee LORD a Meoend. 78 Cs) spdes5 Ba coce Pesce (acaesa| Mansaal bauuee 
Average...| 10.3 | 3.2 78 ORC eee ee eel bas eee Pearl als baie bl 
1910; 
isis Benin Siren 102.2} 14.4 | @91 at || TURAS |) EEG iecoces G2ON ESS eas leeee Palace ss Noa alas Nae 
TOW sae 24.6) 5.9] @91 Bb 2 MAS || 7st eaaoos (BH kena) SOos58 Sooper eeasas Soascel anus 
Gite ead 24.4) 6.2) 297 29} 126 | 74.5 |....-- (TAU) Beodee mececer aanseal te ceace Boece seen a 
iNT) Seer 30.2| 7.2| ¢97| 29| 126} 80.8 |.....- (ia (aes Map hee eee Otel RAR | Eat alle one 
RUQHO Nesey 1909) 94077 1 02.07)|) 298 | aloe uve: 3) lee ae GH yoo Melee | coal neek se a gears 
Yess eee I 54.6 | 12.4 | @61 GAL NAS 77s hse On | sth Seopa Bescon soasee| seeoselosscel taco. 
SQT pete Sa canle 33.7 117.0 | 291 GST FB) eG GBA | Gb GD BSceea bescco bosecelacososlseootebone. 
Seon hisses PBB || BST |bocasdisacancleceoac Dard Nereatares | ee aa Cheretarete | srarcremeet eect oe tee | Neer ee | 
INqreragesa|/SOnmlOs2i|) WRoe| se.Suidona yale lems |e sraco sy hook ee tia a ee 
1911: 
RH amen eNee sSeemee eects 87 tote ft Dasa oe Saree) eae Sc 5.5 | 60.3 | 25.9 | 42.9 12,525 1,525 8.9 
ORS ee eee eee oS 87 S85 d Ohne) [ieee ses 6.0 | 56.7 | 31.4 | 55.4 |4, 856 eee 26.3 
Day fan alle See ee | a ee 87 ate) | at) bo eemel eb oas a 
Be eS eesoer| Samara) Geeree 87 On| ton | Seere ale ee 4 
Averages Ltt bee lesese 2 87 Bi AST Oda eael sooods 
1912 habe 
SDE see aaacece 16.2] 3.4 96 35 | 131 | 79.0 | 15.4 
ob sesicomaces 1DAGH oe 96 35 131 | 77.5 | 22.1 
Udi eagarsete 31.7] 6.2 96 35 | 131 | 80.4 | 40.2 
DAY Reet es 20.0} 4.4 96 35.) 131 | 47. 9) | 35.2 
OAD cose cte ce 20.8 | 4.7 96 35 | 131 | 77.3 | 46.3 
SSiAaus oe eee 105.6 | 18.2 96 35 | 131 ! 71.2 | 60.9 
Average...|34.9| 6.7| 96] 35| 131 | 77.2 | 36.6 
1913: 
SRE eb a ee LPP SEGH Baesad Bocess) Bacsac AOs Die he WO se kelesee selese Sas ec tenes el eee 
De siete s a ASLOUNAGIGn | <s0e eleee een |eem eee 5450 [ooo 74411 SASS Bassa mecca Haacee Heese tees 
Gieeaogued SAON ANDES cee [timc acl scamoe AES |2eo nce 72 BAe) Seccod bocacel Geeoee Gosee cl soca 
Wize sccaee toe tal IP ee EGS (Se oe Pe ee TRS) | eee OOH Role Ec cul bose oaleces cm | semece eee 
349 eee C8 a fae Daly fa) Se PS a (Si BONS epee DEO oe Ue ale crs ata eeretotos lesterol eel See 
BOtee Scene nee LU ECG We Ey: Pe el (SSS | es Dos S | Saaeae Ch Seeiet scesisec| Pseceal Gamecal meocea beaten 
IAVETALO Sonne Osby sae aoe see eel eee nioe OLE On| pean ae PAST Ug RS Sve Liieaeseage = [ape Sl Me A al Led a 
1914 | 
oe Bee aicrejeieatee 4.8 | 2.9 66 50] 116] 39.0] 6.5] 4.0] 4.8] 3.4] 70.0 |4,100 | 200 2.1 
915: 
Sb eee sccnsicee IAG GP) 88 55) WASH T59S 2) |aeeees SO eee ese eceee lc oescslcesene 34.5 
1916: 
Bd eeasisce seas TRE.) sz pe TBEY BSRABe| Reese 64.9 |...... Or5 Wee seal See eres oe on bos eenl See nel oeeeee 
a First and only heads. 


yap C.R. Three much-misrepresented sorghums. U.S. Dept. Agr., Bur. Plant Indus. Cir. 50,14 p., 
g. 1910. 

Rothgeb, B. E. Shallu, or “Egyptian wheat’’: A late-maturing variety of SGERER U.S. Dept. Agr., 
Farmers’ Bul. 827, 8 p., 2fig. 1917. 


GRAIN-SORGHUM EXPERIMENTS IN THE PANHANDLE OF TEXAS. 87 


It has been grown at Amarillo in all the nme years except 1909. 
The data resulting are presented in Table XXXVII. It has proved 
itself quite unfitted for the dry-land conditions obtaining in the 
Texas Panhandle, as is fully shown also in the publications cited. 
Its germination has been poor in nearly all years. It is tall and 
very late in maturing, frequently lodgmg im autumn storms and 
often failing to ripen. For these reasons the yields have been very 
low. In 1910, 1913, and 1916 it produced no grain at all. The 
production of suckers has always been high, and where adapted it is 
more likely to prove of value for forage than for grain 


COMPARATIVE YIELDS OF ALL THE GROUPS. 


The annual and average acre yields of the leading races in each 
variety of each group of grain sorghums are shown in Table 


Fic. 12.—Diagram showing the annual and average acre yields, in 58pound bushels, of standard milo, 
Dwarf milo, and feterita at the Amarillo Cereal Field Station during the 9-year period from 1908 to 1916, 
inclusive. 

XXXVIII. The average yields are given first for the 7-year period, 

from 1910 to 1916, inclusive, in order to compare a few selections 

grown only in those years. The average yields in the full 9-year 
period from 1908 to 1916, inclusive, are given for all selections grown 
that long. 

It will be noted from this table that Dwarf milo made the highest 
average yield of any subgroup in both the 7-year and the 9-year 
periods. Therefore it takes first place in grain production among 
the grain-sorghum groups. The best selection of Dwarf milo yielded 
an average of 27.2 bushels annually in the 7-year period and 27.1 
bushels in the 9-year period. The average yield of Dwarf milo in 
both periods is approximately 5 bushels more than the average yield 
of any other variety. Figure 12 shows graphically the annual and 
average yields of milo, Dwarf milo, and feterita in the 9-year period 
from 1908 to 1916, inclusive, at Amarillo, Tex. 
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Milo, Alba milo, feterita, and Manchu kaoliang have average yields 
ranging from about 20 to 22 bushels in the 7-year period and from 
about 21 to 23 bushels in the 9-year period. These four varieties 
may be said to tie for second place in grain production. There is 
little choice between them except when their combined grain and 
fodder value is considered. Manchu kaoliang has less fodder value 
than the milos or feterita because of its drier and more slender stems 
and scanty foliage. 

TaBLE XX XVIII.—Annuat and average acre yields of the best selections in all varieties 


and groups of grain sorghums grown at the Amarillo Cereal Field Station in most or 
all of the nine years from 1908 to 1916, inclusive. 


[In the statement of yields per acre the bushel is rated at 60 bounds for kafirs and at 58 pounds for all 
other sorghums. ] 


Annual and average acre yields (bushels). 


Group and C.1. 
variety. No. 7 years,|9 years, 
1908 | 1909 1910 | 1911 1912 | 1913 | 1914 1915 1916 |1910 toj1908 to 
1916. | 1916. 
Milo-durra: 
Milo....-.- 223 | 37.4} 16.5] 18.8] 24.4) 23.6 0} 12.8) 648 Te || ile 7 22.9 
Do 232 | 30.4 3.6 Chis |) al0sal 33. 0 0 10.7 | 60.0 6.6} 21.5 20.5 
Do 234 | 43.2 Lyte) ARSE eRe) 28358} 0} 14.8] 58.6 6.9 222 22.7 
Dwarf : 
milo... 149} 42.6] 12.4] 20.8] 36.8] 13.3 0} 30.0| 74.1 7.6 | 26.1 26. 4 
Do 332| 39.5] 14.2] 18.6] 37.4] 24.0 0} 30.0] 70.3 9.7} 27.2 Pil it 
Do.... SO eee a ee 20.0} 37.3 34. 6 0 16.2] 68.3 8.168] 26445 |S ae 
Alba milo. UY) eau sallgaeaces 16.9] 37.5 15.8 0 11.4) 59.3 ARAL POE leoocsoe 
cere oi 182 | 40.2 9.3 14.7] 31.9] 24.5 0 18.5 52.1 14.5 | 22.3 22.8 
ite 
durra . - 81] 35.7 7.7 | 10.0} 26.4] 243 0} 22.4) 36.9 4.5| 17.8 18.7 
Durra-kafir 
hybrids: 
Black 
glumed.} 198-7-3 ] 41.0 2.8 9:1) 30.2 3.0 0) 16.2] 34.5 12 |) WS 16.0 
a ve ..-/198-15-3 | 27.4 7.8 5.4] 39.9 4.1 0} 20.7) 24.5 2.4 13.9 14.7 
ite ; 
glumed.! 198-7-3 41.0 278) 21 2)) 28.2 6.0 0 13.8) 28.1 BSC 14.7 16.3 
Do....|198-15-3 | 27.4 7.8 16.0] 34.1 11.6 0; 14.8] 17.9 he US 2 14.6 
Do.... 240 | 35.7 4.2 17.0} 46.1 5.0 0 8.6] 29.3 3.5] 15.6 16.6 
® Do.... 240-6 | 35.7 4.2 17.0} 30.3 11.5 0 19.31 36.2 3.5] 16.8 17.5 
a 
Blackhull 71 42.2 3.5 1.0] 26.5 4.7 0 14.0 | 64.0 0 15.7 17.3 
Do.. ae || a0) 10.7 4.8] 20.6 4.6 0} 11.3 62. 7 0 14.9 16.9 
Do. 337 | 38.3 God 3.5 | 21.0 4.7 0 9.3} 64.0 0 14.6 16.5 
Sunrise CPM i 10.8 7.6) 21.4 8.0. 0 10.4] 56.9 9.3 NON eerecios 
Dawn 
(dwarf) 340 | 29.0] 14.4 9.3 | 34.9 9.6 0} 14.7) 53.3 3.7 17.9 18.8 
White....- ST Oel eee lence 8.8) 23.7 13.5 0 14.3 | 37.3 4.0 14s Byles 
Red assen: 34) 36.4 4.0 5. 2 18.7 3.0 0 13.3] 44.3 0 12.1 13.9 
Do 350) Porat sos | ee 7.5] 24.3] 11.2 0} 15.8] 57.0 0 WB Saococ 
New .-...-- BIG) lsceosoc 4.3 0 40.0 4.7 0 12.7; 66.0 0 D7AGi Boner 
Do.... | eae eae 9.6 Onan one 11.8 0 6.0} 46.7 0 13760 /E2eee. 2 
Kaoliang: 
Mukden... OO eke 12.8 1252) 25.1 8.4 0; 14.9 13.8 3.4 Le ese oe 
Barchet. -- 310] 43.1 9.4 8.6] 30.7] 14.4 0 6.2 | 45.8 3.4] 15.6 18.0 
Manchu. . . 171 33.4 18.1 17.0 | -29.3 19.5 0} 20.0} 46.6 6.6 19.9 21.2 
Shantung - 2B} ||) aBLO 3.5 6.6] 27.6 5. 2 0} 12.4] 38.6 1.7} 13.2 14.4 
Parker.... ADA. 0 fal eee iets 14020)" 28503) 525.5 0} 20.7) 38.9 Sdb | MSG oscssc 


The best varieties in the kafir group take third place in grain pro- 
duction under Panhandle conditions. Dawn (dwarf) kafir and 
Sunrise kafir lead with average yields of 17.9 and. 17.5 bushels, respec- 
tively, in the 7-year period. Dawn kafir, with an average acre yield of 
18.8 bushels in the 9-year period, leads by more than 1 bushel over 
its nedrest competitor. The kafirs have a higher value as combined 
grain and fodder crops than any other grain sorghums. In actual 
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farm value, therefore, Dawn kafir and Sunrise kafir should be given 
second place, taking precedence over milo and feterita. Figure 13 
shows graphically the annual and average yields of Blackhull kafir, 
Dawn kafir, and Red kafir in the 9-year period from 1908 to 1916, 
inclusive, at Amarillo, Tex. 


Fic. 13.—Diagram showing the annual and average acre yields, in 60-pound bushels, of Blackhull kafir, 
Dawn (dwarf) kafir, and Red kafir at the Amarillo Cereal Field Station during the 9-year period 
from 1908 to 1916, inclusive. 


CONCLUSIONS. 


The data presented in this bulletin warrant the following con- 
clusions: 

(1) Many varieties produce well in favorable seasons. Only well- 
adapted varieties produce well in the less favorable and unfavorable 
seasons, which comprise about three-quarters of the total number. 

(2) Earliness is the most important single factor in the varietal 
adaptation of grain-sorghum crops to the conditions obtaining in 
the high plains of the Texas Panhandle. 

(3) Dwarfness is the next most important factor in the adaptation 
of these crops. 

(4) The combination of earliness and dwarfness is extremely 
efficient in insuring adaptation to environmental conditions which 
include frequent periods of drought. 

(5) Dwarf milo, Dawn (dwarf) kafir, and Sunrise (early) kafir are 
shown to be well-adapted varieties. 

(6) Dwarf milo and Dawn kafir are meeting with wide approval 
on the farms of the high, dry plains. 

(7) Germination and stand are governed largely by local con- 
ditions at sowing time. 

(8) Tillering, or the production of suckers, is a varietal or group 
character to some extent. In part it is correlated with stand and 
seasonal conditions. 

(9) The production of erect heads is largely a group or varietal 
character, but is influenced by the same factors as tillering. 


THE PRESIDENT TO THE FARMERS OF AMERICA. 


[Extracts from President Wilson’s message to the Farmers’ Conference at Urbana, Ill., Jan. 31, 1918.] 


‘‘The forces that fight for freedom, the freedom of men all over the world as well 
as our own, depend upon us in an extraordinary and unexpected degree for sustenance, 
for the supply of the materials by which men are to live and to fight, and it will be our 
glory when the war is over that we have supplied those materials and supplied them 
abundantly, and it will be all the more glory because in supplying them we have 
made our supreme effort and sacrifice. 

‘‘TIn the field of agriculture we have agencies and instrumentalities, fortunately, 
such as no other government in the world can show. The Department of Agriculture 
is undoubtedly the greatest practical and scientific agricultural organization in the 
world. Its total annual budget of $46,000,000 has been increased during the last 
four years more than 72 percent. It has a staff of 18.000, including a large number of 
highly trained experts, and alongside of it stand the unique land-grant colleges, which 
are without example elsewhere, and the 69 State and Federal experiment stations- 
These colleges and experiment stations have a total endowment of plant and equip- 
ment of $172,000,000 and an income of more than $35,000,000, with 10,271 teachers, a 
- resident student body of 125,000, and a vast additional number receiving instruction 
at their homes. County agents, joint officers of the Department of Agriculture and 
of the colleges, are everywhere cooperating with the farmers and assisting them. The 
number of extension workers under the Smith-Lever Act and under the recent emerg- 
ency legislation has grown to 5,500 men and women working regularly in the various 
communities and taking to the farmer the latest scientific and practical information. 
Alongside these great public agencies stand the very effective voluntary organizations 
among the farmers themselves which are more and more learning the best methods of 
cooperation and the best methods of putting to practical use the assistance derived 
from governmental sources. The banking legislation of the last two or three years 
has given the farmers access to the great lendable capital of the country, and it has 
become the duty both of the men in charge of the Federal-reserve banking system 
and of the farm-loan banking system to see to it that the farmers obtain the credit, 
both short term and long term, to which they are entitled not only, but which it is 
imperatively necessary should be extended to them if the present tasks of the country 
are to be adequately performed. Both by direct purchase of nitrates and by the 
establishment of plants to produce nitrates, the Government is doing its utmost to 
assist in the problem of fertilization. The Department of Agriculture and other 
agencies are actively assisting the farmers to locate, safeguard, and secure at cost an 
adequate supply of sound seed. 

“The farmers of this country are as efficient as any other farmers in the world. 
They do not produce more per acre than the farmersin Europe. It is not necessary 
that they should do so. It would perhaps be bad economy for them to attempt it. 
But they do produce by two to three or four times more per man, per unit of labor 
and capital, than the farmers of any European country. They are more alert and 
use more labor-saving devices than any other farmersin the world. And their response 
to the demands of the present emergency has been in every way remarkable. Last 
spring [1917] their planting exceeded by 12,000,000 acres the largest planting of any 
previous year, and the yields from the crops were record-breaking yields. In the 
fall of 1917 a wheat acreage of 42,170,000 was planted, which was 1,000,000 larger 
than for any preceding year, 3,000,000 greater than the next largest, and 7,000,000 
greater than the preceding five-year average. 
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“But I ought to say to you that it is not only necessary that these achievements 

should be repeated, but that they should be exceeded. I know what this advice 
involves. It involves not only labor, but sacrifice, the painstaking application of 
every bit of scientific knowledge and every tested practice that is available. It 
means the utmost economy, even to the point where the pinch comes. It means 
the kind of concentration and self-sacrifice which is involved in the field of battle 
itself, where the object always looms greater than the individual. And yet the 
Government will help and help in every way that is possible. 
' “Tt was farmers from whom came the first shots at Lexington, that set aflame the 
Revolution that made America free. I hope and believe that the farmers of America 
will willingly and conspicuously stand by to win this war also. The toil, the intelli- 
gence, the energy, the foresight, the self-sacrifice, and devotion of the farmers of 
America will, I believe, bring to a triumphant conclusion this great last war for the 
emancipation of men from the control of arbitrary government and the selfishness 
of class legislation and control, and then, when the end has come, we may look each 
other in the face and be glad that we are Americans and have had the privilege to 
play such a part.”’ 
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INTRODUCTION. 


Much doubt and difference of opinion exists concerning the ferti- 
lizer value of ground raw rock phosphate. Some agronomists and 
agricultural chemists have reported satisfactory results from its use 
both in pot and field experiments, others have decided that while 
the material is beneficial to a number of crops when applhed under 
certain conditions, it is so inferior to acid phosphate that it 1s unwise, 
under normal conditions, to depend upon it as a source of phosphoric 
acid when one can obtain the more soluble superphosphate. Several 
experiment stations have concluded that ground raw rock phosphate 
is entirely unprofitable on most of the soils in their particular States 
under their present crop systems. 

The use of ground raw rock phosphate directly as a fertilizer, how- 
ever, has slowly increased during the last decade until now the annual 
consumption is in excess of 91,000 tons, involving an expenditure by 
the farmer of over $750,000 annually. 

Most of the demand has been in the corn belt of the middle West- 
ern States, particularly in Illinois, where the State Agricultural 
Experiment Station has strongly recommended this material and out- 
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lined methods of treatment and application which it claims will re- 
sult in the maximum benefit from its use. But ground raw rock phos- 
phate has been used to a small extent in many other States and would 
undoubtedly have been more widely employed were it not for con- 
flicting conclusions concerning its agricultural value, conclusions 
which in many instances have been drawn from insufficient data. 

Numerous experiments have been conducted, not only in the field 
but in the greenhouse and laboratory as well, to test the fertilizer 
value of ground raw rock phosphate. While some of the field ex- 
periments have been carried on in a careful, systematic way over a 
term of years, others have been conducted for such a brief period and 
apparently with so little regard for the numerous factors influencing 
crop yields that it is not only unwise to draw any definite conclusions 
from the results but unfair to class them with those obtained from 
carefully conducted long-time experiments. After a careful analysis 
of a number of long-time fertilizer experiments, Prof. Whitney,' of 
this bureau, states that “a period of not less than 15 years of observa- 
tion is required to draw any safe conclusions from fertilizer plot 
tests.” If the results of experiments so far published, therefore, be 
taken without carefully weighing their relative merits, the only con- 
clusion one could possibly reach is that ground raw rock phosphate 
is of very- questionable value. 

In giving the results of field tests with ground raw rock phosphate, 
the writers found it difficult to draw the line between experiments 
warranting discussion and those which were not sufficiently im- 
portant to justify consideration in detail. Finally the plan was 
adopted to discuss only those field experiments which were con- 
ducted for five years or more. In some instances this plan may 
appear not quite fair, but almost any other treatment of the sub- 
ject would result in a manuscript so bulky and so filled with data of 
relatively little value, that it would only serve to confuse the reader. 


HISTORY. 


The use in this country of ground raw rock phosphate as a fer- 
tilizer dates back to the early days of the South Carolina phosphate 
industry. 

Holmes? recommended finely ground South Carolina rock for 
direct application to the field as early as 1870, and several of the 
phosphate mining concerns then operating at Charleston advertised 
the material for sale. Chazal* states that some correspondence of 
Prof. Charles U. Shepard shows that the latter advised the use of 


1 Unpublished work. 
2 Phosphate Rocks of South Carolina, pp. 45-46 (1870). 
3A Sketch’ of the South Carolina Phosphate Industry (1904). 
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the Ashley phosphates in lieu of bones as far back as 1860. A number 
of years later (1889), when the Florida hard rock phosphate fields 
were discovered, a considerable tonnage of soft phosphate (consist- 
ing chiefly of aluminum phosphate), which is found associated with 
the hard rock, was used locally by the farmers, and in a good many 
instances with reported success. 

Some early adverse reports on the agricultural value of raw rock 
phosphate, coupled with the rapid establishing of plants for the 
manufacture of the more soluble and undoubtedly more quickly act- 
ing superphosphate, led to the practical cessation of use of this raw 
material in the South, and, while spasmodic efforts have been made 
to revive its use, it is generally believed that the more soluble phos- 
phates are better adapted to most of the soils and crops of the South 
Atlantic States. 

The first recorded work with raw rock phosphate was published 
by the Pennsylvania Experiment Station in 1885,1 and consisted of 
two experiments (one field and one box experiment) begun in 1883. 
The box experiment was continued for two years only, but the fietd 
experiment was conducted through a period of thirteen years. 

The Louisiana station was the next to report the results of ex- 
periments with this material, publishing in 1886? the yields of corn 
and oats obtained in several tests conducted for periods of one to two 
years. 

Some years later this same station undertook a number of long- 
time experiments with raw rock phosphate, the results of which 
are recorded and discussed elsewhere in this bulletin. 

Several other experiment stations (Florida, Connecticut, Georgia, 
and South Carolina) shortly afterward undertook some experiments 
with raw phosphates, and these have been followed by practically 
all the State stations east of the Mississippi River and a few of 
those west. The results obtained by the stations are discussed in 
detail further on. : 


THEORETICAL CONSIDERATIONS. 


The fact that most deposits of amorphous phosphates are of or- 
ganic origin led many to believe that this material when ground 
and applied directly to the soil would give results approximating 
those obtained from the use of nitrogenous guanos or ground bone. 

A brief consideration of the manner in which deposits of rock 
phosphate are usually formed will show that it can not ordinarily be 
expected to yield its phosphoric acid as rapidly to the soil solution 
as the organic phosphates which have not undergone complete de- 
composition. 


1Pa. Agr. Expt. &ta., Ann. Rept. for 1884 (1885). 
2La. Agr. Expt. Sta., Buls. Nos. 3, 4, and 6 (1886). 
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Some phosphate deposits, such as those found on islands of the 
Pacific and Indian Oceans, have resulted from the replacement of the 
carbonic acid in lime rock by phosphoric acid derived from overlying 
layers of organic material, usually the droppings of sea birds. The 
percentage of phosphoric acid in such excrements is quite high and 
is readily leached out by rain water, but the underlying coral lime- 
stone, of which such islands are often formed, takes up and fixes the 
phosphoric acid, forming relatively insoluble phosphate of lime. 

Other phosphate deposits such as the brown-rock deposits of 
Tennessee are derived from phosphatic lmestones by the leaching 
out of the more soluble carbonate of lime. The residue then consists 
of a porous rock containing a much higher percentage of phosphoric 
acid than the original material but in the form of the same rela- 
tively insoluble phosphate of lime. 

While the origin of numerous deposits of phosphate is not alto- 
gether clear, in nearly every instance the nature of the rock is such 
that it is relatively insoluble in water and quite resistant to weather- 
ing influences. A quick response from applications of such material, 
therefore, is hardly to be expected unless it is either subjected to some 
chemical treatment by which the solubility of the phosphoric acid is 
considerably increased or it is mechanically ground to an impalpable 
powder and thoroughly distributed in the soil in such large quantities 
that an enormous surface of the mineral is exposed to the action of 
the soil waters. 

In order to render the phosphoric acid soluble and facilitate its 
distribution in the soil, Liebig proposed to treat bones with sulphuric 
acid. When the nature of phosphate rock was established, Lawes 
applied the same treatment to that material, taking out a patent on 
his process in 1842. Since that date the use of acidulated phosphates 
has grown rapidly until now the vast bulk of the rock phosphate 
entering into the fertilizer industry is treated with sulphuric acid 
and manufactured into superphosphate. 

Because ground raw rock phosphate has in many cases proved 
more effective on soils rich in organic matter, it is popularly sup- 
posed that certain organic acids in the soil exert a solvent influence 
cn the rock similar to the effect produced by sulphuric acid. 

The existence of such organic acids in the soil in quantities suffi- 
cient to affect appreciably the solubility of phosphate rock is very 
doubtful, but soils of high organic content are always rich in carbon 
dioxide and bacteria, both of which have an important influence on 
the solubility and alteration of soil minerals, and hence it is reason- 
able to expect an increase in the solubility of the phosphate contained 
therein over that of soils of low organic content. Some of the best 
field results with raw rock phosphate have been obtained where the 
material has been used in connection with stable manure or turned 
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under with a green crop. Either of these treatments increases both 
the bacterial growth and the amount of carbon dioxide in the soil. 

On the other hand, highly productive soils not particularly rich in 
organic matter and which have never been fertilized contain much of 
their phosphoric acid as apatite or in some relatively insoluble form. 
Limestone soils. high in phosphate, such as those in the Bluegrass 
Regions of Kentucky or in the Central Basin of Tennessee, continue 
to yield large crops without the addition of any soluble phosphate, 
and frequently do not respond to such applications.* 

Burlison,? in a series of pot tests in pure sand, showed that farm 
crops were able to utilize the phosphoric acid of rock phosphate with- 
out the aid of organic material and that the yields were greater when 
the applications of rock phosphate were increased. 

Other things being favorable, therefore, it seems reasonable to 
expect a soil low in phosphoric acid to respond to the addition of 
ground raw rock phosphate provided that the material is very finely 
ground, applied liberally, and thoroughly distributed through the 
soil by cultivation. 


METHODS OF STUDYING THE SUBJECT. 


In efforts to determine the fertilizer value of raw rock phosphate 
three general lines of investigation have been followed, namely, 
laboratory work, pot or greenhouse tests, and field experiments. The 
last named of these methods is by far the most important and the 
only one of much value, taken by itself. The other lines of work, 
however, are useful supplements to field experiments, and their 
importance should not be minimized. 


LABORATORY WORK. 


Laboratory work on ground raw rock phosphate divides itself into 
the following investigations: 

1. Determination of composition of rock. 

2. Methods of determining availability of phosphate. 

3. Effect of degree of fineness of the phosphate on its solubility or 
availability. 

4, Effect of organic fermentation on the solubility or availability 
of the phosphate. 


COMPOSITION OF ROCK. 


While phosphate rock from various sources differs considerably in 
composition and grade,* the bulk of the phosphoric acid contained 


1Mooers, ©. A., Tenn. Agr. Expt. Sta., Bul. 86, pp. 48-44, and p. 86 (1909). 

2Mineral Phosphates and Plant Nutrition, Jour. Agr. Research, 6, No. 13, 485-514 
(1916). 

3 Bureau of Soils, Buls. Nos. 69. 76, and 81; U. S. Dept. of Agriculture Buls. Nos. 14 
and 312. 
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therein is combined with lime in the proportion to form tricalcium 
phosphate (Ca,(PO,),). Since this material in its natural state is 
rather sparingly soluble in water and very weak acid solutions, there 
may be little difference in the amount of phosphoric acid which the 
various grades of rock will yield to a definite quantity of such sol- 
vents within a limited time, provided the rock samples are ground to 
the same degree of fineness. 

There has accumulated, however, considerable data, indicating that 
the availability of the amorphous phosphates is greater than that of 
apatite, and in a recent investigation Burlison? found that there was 
apparently quite a difference in the availability of rock phosphate 
from different sources when measured by crops grown in pots of 
small size. 

The presence of such an impurity as limestone may have a con- 
siderable effect on the solubility of the phosphate in certain conven- 
tional solvents, since carbonate of lime is much more readily attacked 
by weak or dilute acid solutions and therefore tends to reduce their 
solvent power either by neutralization of the acid or by furnishing a 
common ion (Ca). A determination of the amount of free lime 
present may be of considerable importance if the availability of the 
phosphate is to be measured by its solubility in a conventional solvent. 

Phosphates of iron and aluminum, while less soluble than the 
phosphates of lime, are not usually present in sufficient quantities 
materially to reduce the solubility of the rock. Unless, therefore, 
there is reason to suspect that these phosphates are present in abnor- 
mal amounts their determination is hardly deemed necessary. 

The most important and often the only essential determination to 
be made in an analysis of phosphate rock for direct application to the 
field is its phosphoric-acid content. Nearly all rock is sold on the 
basis of the phosphoric acid which it contains and the degree of 
fineness to which it is ground. 


METHODS OF DETERMINING AVAILABILITY OF PHOSPHATES. 


The solubility of natural and manufactured phosphates in water 
and various media has been the subject of numerous investigations. 
practically all of which have been carried on with a view to obtain- 
ing an index of the availability of phosphates under soil conditions. 

Deherain,? in attempting to determine the available plant food in 
soils, used a dilute solution of acetic acid.: Gerlach * and Schloesing * 
employed aqueous solutions of carbon dioxide, on the theory that the 
natural soil waters owe their solvent action to this gas. The results 


1 Mineral Phosphates and Plant Nutrition, Jour. Agr. Research, 6, pp. 485-514 (1916). 
2Ann. Agron., 17, 445 (1891). 

8 Landw. Vers.-Stat., 46, 201 (1896). 

Compt. Rend., 131, 149 (1900). 
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obtained by the latter investigator in determining the solubility of 
the calcium phosphate (Ca,(PO,),,H,.O) in carbonated waters and 
in water containing both calcium carbonate and carbon dioxide are 
given in Table I. 


TABLE I.—Solubility of lime phosphate in water containing carbon dioxide and 
calcium carbonate. 


Phosphoric} Lime 
Solvent. acid (P205)} (CaO) per 
per liter. liter. 
Mi Mg 
W'S iho cot b cee sec ccs sdbe cetheccgse ERE. qo ae nent Sa Sn SH aSSATeeecasascaoas WEEE Sooceasebeac 
1,200 cubie centimeters distilled water and 50 cubic centimeters water saturated 

WU O Ones Moo Se coon comics sce smemsccs abe att Sons ssiseasatnes Che) eerasseadace 
1,000 cubic centimeters distilled water and 250 cubic centimeters water satu- 

PLUS AD Ol pe ee nS Re ee Se SC CGS CREE Cp OOD OCAOC EES Sena ASE ON pomawee sera 
1,250 cubic centimeters water saturated with COs...........--...--2-------2----- ONS OU LEIS 
Water containing 174 milligrams CaCO 3 and 82 milligrams COz per liter........ -38 100.0 
Water containing 290 milligrams CaCO; and 171 milligrams COs per liter...... ipa 162.3 
Water containing 389 milligrams CaCQ3 and 270 milligrams COs per liter...... .80 218.8 
Water containing 488 milligrams CaCO3 and 415 milligrams COs per liter...... UST 273.3 
Water containing 558 milligrams CaCO; and 541 milligrams COs per liter_..... 1.30 312.7 


It will be seen that the presence of carbon dioxide in water increases 
greatly the solubility of tricalcium phosphate, but that the addition 
of calcium carbonate depresses the solubility of the phosphate. This 
experiment was apparently conducted with samples of relatively 
pure materials, and no doubt the lime phosphate was in a precipi- 
tated form. Under such conditions a greater quantity of phosphoric 
acid (P,O;) would be dissolved than from the same quantity of 
natural rock phosphate. 

An experiment to test the solvent power of carbonated waters on 
various phosphatic materials was conducted by Williams? many 
years before the one just cited. The results of this experiment are 
given in Table IT. 


Taste IIl.—Solubility in water of various phosphatic materials used as fer- 


tilizers. 
Water re- 
quired to 
Source of phosphate. dissolve one 
part of the 
phosphate. 
Parts. 
Apatite from Perth, Canada, containing 89.27 per cent Ca3(PO,)o......--:------------------ 222, 000 
Sate Mleyica Led see ene eee Hon ees One o nn ae eee aba ame en alba cceeae ae 140, 000 
Finely ground bone containing 56.78 per cent Cag(PO4)s.........-.--------------- ee 5, 698 
Same, calcined to burn out organic matter, 92.88 per cent Ca3(PO4)o........------.------- 8,029: 
Adulterated commercial bone dust containing 24.32 per cent organic and volatile matters 
aHGes pel Cent Cag Ge Oa)gs He He oo Salsa Secs eee te Seis Sie. 4,122 
South Carolina phosphate containing 57.89 per cent Ca3(PO.) ae 6,983 
DAME Mlevi vated nee Ns ue Ue Re RSL ll euacateeeeeces g 6, 544 
Gaanoeontainine!49:67) percent Cag(b Os)osas csnceceasccacce sles a ceedseceee cece slee accesses | 8,009 


21Chem. News, 24, 306 (1871). 
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It will be noted that the solubility of the amorphous phosphate 
(South Carolina rock) is considerably greater than the crystalline 
variety (apatite). Also that fine grinding increased the amount of 
the various materials dissolved. 

Liebig,’ Fleisher and Kissling,? Cameron and Hurst,’ and Greaves * 
found that the presence of most fertilizer salts increased the solu- 
bility of phosphates of lime, and Cameron and Bell® showed that 
certain aqueous solutions increased the solubility of the various phos- 
phates occurring in the soil. 

Peterman ° advocated an ammoniacal solution of ammonium citrate 
to determine the available phosphoric acid in soils. Emmerling’ 
recommended a 1 per cent solution of oxalic acid to distinguish be- 
tween lime phosphate and the phosphates of iron and aluminum. 
Hoffmeister * suggested an ammoniacal solution of “ humic acid” for 
determining the various forms of phosphoric acid in soils. Fraps® 
determined the solubility of a number of soil phosphates in various 
strengths of hydrochloric and nitric acids as well asin 1 per cent citric 
acid, and tried to establish a relation between the chemically available 
phosphoric acid and that shown to be available by pot tests. While 
he found in several experiments that the order of availability as meas- 
ured by N/5 nitric acid was the same as in pot tests, he also found 
that the difference in the feeding power of various crops and the 
nature of the soil influenced the degree of availability of soil phos- 
phates. This experiment did not establish any standard for chemi- 
cally available phosphoric acid in the soil. Stoddart *® found that 
the digestion of 25 grams of soil with 250 cubic centimeters of N/5 
nitric acid for five hours dissolved practically all of the lime phos- 
phate but very little of the phosphates of iron and aluminum, and 
concluded that this test serves as an excellent indication of the amount 
of available phosphoric acid present in a soil. In the light of other 
experiments, however, the assumption that the phosphates of iron 
and aluminum are unavailable to crops is hardly justified. 

Moore*™ attempted to find a strength of hydrochloric acid which 
would remove approximately the same amount of phosphoric acid 
from a soil as a crop of oats grown in pots. The conditions finally 
adopted for the extraction were to digest 200 grams of soil for five 
hours at a temperature of 40° C. with 1 liter of acid of such strength 


1 Ann, Chem. Phar. 106, 185 (1858). 

2 Bied. Centr., 12, 155-161 (1883). 

8 Jour. Am. Chem. Soc., 24, 885 (1904). 

4 Jour. Biol. Chem., 7, 287-319 (1910). 

5 Bureau of Soils, U. S. Dept. of Agr., Bul. No. 41 (1907). 
® Recherches de Chem. et Physiol., 8, 50 (1898). 

7 Bied. Centr., 29, 75 (1900). 

8 Landw. Vers.-Stat., 50. 363 (1898). 

® Jour. Am. Chem. Soc., 28, 823-834 (1906). 

10 Wis. Agr. Expt. Sta., Research But. No. 2, pp. 50-60 (1909). 
41 Jour. Am. Chem. Soc., 24, 79 (1902). 
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that it would be N/200 to methyl orange at the end of the digestion. 
This method, it is said, however, did not prove satisfactory where 
the soil had been fertilized. Hall and Plyman,’ in an exhaustive 
article on the subject of “Available Plant Food in Soils,” concluded, 
after trying numerous solvents on 19 different soils, that a 1 per cent 
solution of citric acid as recommended by Dyer? gives results more 
nearly showing the available plant food in soils. Dyer sought to 
determine the average acidity of the root sap, with a view to finding a 
natural solvent for plant food elements in the soil, and decided that 
a 1 per cent solution of citric acid most nearly approximated the 
average solvent power of the root sap. The theory, however, that 
the roots of plants excrete an acid (other than carbonic) which aids 
them in dissolving and securing their food has been practically aban- 
doned. Kossowitch* concluded that the solvent action of plants on 
relatively insoluble phosphates is due to the carbon dioxide given off 
by the roots, but that plants are also able to supply themselves with 
phosphoric acid from extremely dilute solutions. 

Hartwell * states that it is doubtful if any solvent will extract from 
all soils amounts of phosphorus bearing definite relations to those 
removed by even a given crop. The experiments of Ellett and Hill® 
bear out this statement. ‘These investigators first fixed the phos- 
phoric acid of superphosphate by means of the bases occurring in 
soils (CaCO,, Fe(OH), and Al(OH),), and then tested the solu- 
bility of the resulting phosphates in N/5 nitric acid, neutral ammo- 
nium citrate, and 1 per cent citric acid (Dyer’s method). These 
solutions dissolved practically all of the phosphate of lime but only 
from 20 to 46 per cent of the iron and aluminum phosphates. When 
these phosphate compounds were mixed in pots with nearly pure 
sand, however, and wheat, oats, and corn grown therein, the pots 
treated with phosphates of iron and aluminum gave greater yields 
than those treated with phosphate of lime, showing that the avail- 
ability as determined by the growing crops was the reverse of that 
shown by the conventional solvents. 

The results obtained by Burlison * in a recent investigation agree 
in a general way with those of Ellett and Hill, since he found that 
the solubility of a mineral phosphate in a 0.2 per cent solution of 
citric acid bore no particular relation to its availability as determined 
by pot tests. 

Hartwell’ suggests that a better index of the available phosphoric 
acid in a soil might be gained by growing turnips therein and deter- 


1 Jour. Chem. Soe. Trans., 81, 117-144 (1902). 

2 Jour. Chem. Soc. Trans., 65, 115 (1894). 

2 Bied. Centr. 82, 44-49 (1902). 

4R. I. Agr. Expt. Sta., 18th Ann. Rept., p. 285 (1906). 

5Va. Polytec. Inst., Agr. Expt. Sta., Ann. Rept. for 1909-10, pp. 44-65 (1911). 
6 Jour. Agr. Research, 6, pp. 485-513 (1916). 

7R. I. Agr. Expt. Sta., Bul. No. 154 (1913). 
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mining the phosphoric acid present in the roots. Analyses of tur- 
nips grown on soils treated with various forms of phosphoric acid 
showed that the percentage of P,O, in the roots was fairly consistent 
with the availability of the phosphates as determined by crop yields. 

In determining the trade value of fertilizer materials the Associa- 
tion of Official Agricultural Chemists* classes as available all phos- 
phoric acid soluble in a neutral solution of ammonium citrate, and in 
the analyses of basic slag the association? has tentatively adopted 
Wagner’s method, in which all phosphoric acid dissolved from a 
definite weight of the material by a certain volume of 2 per cent citric 
acid is considered available to crops. 

Although several of these methods for determining the availability 
of phosphoric acid both in soils and fertilizers are useful in showing 
the relative solubility of various phosphates, nearly all of the proc- 
esses so far suggested are empirical, and none of them are founded 
on a strictly scientific basis. While it has been demonstrated by 
actual field experiments that certain phosphates soluble in weak 
acids and dilute organic solutions are also active under soil condi- 
tions, in the light of both field and laboratory investigations all phos- 
phatic materials which do not conform to these tests can not be 
classed as unavailable to crops. It must be remembered that the term 
“available” is a relative one. Practically every phosphate known is 
soluble to a certain extent even in pure water. The amount of phos- 
phoric acid dissolved from the less soluble phosphates depends on the 
surface exposed, the quantity of solvent used, and the time of contact. 

Raw rock phosphate conforms in part at least to practically all of 
the chemical availability tests, but its solubility in the various con- 
ventional media is materially affected by the three factors mentioned 
above. No method, therefore, which calls for contact for a limited 
time and the use of a definite quantity of relatively weak solvent, 
and does not state the degree of fineness to which the material should 
be ground, can show any sharp distinction between the amounts of 
phosphate available and unavailable under the conditions obtained 
in the soil. 


EFFECT OF FINENESS OF GRINDING. 


The fineness to which phosphate rock is ground undoubtedly has 
a very important influence on its availability to crops. Not only is 
it easier to distribute more uniformly the finely ground rock through 
the soil, but the immense amount of surface exposed by such material 
enables the soil water to dissolve a much greater proportion in a 
given time than where the rock is in relatively coarse particles. 


i Jour. Assoc. Official Agr. Chemists, 1, No. 4, 4-5 (1916). 
2Idem., pp. 14-15, 
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As early as 1868, Voelcker* recognized the importance of fine 
grinding in facilitating the solubility of bones, but considered un- 
acidulated coprolites and apatite practically valueless to crops. — 
Jordon? found in some greenhouse work (which is discussed else- 
where in this bulletin) that pots of quartz sand treated with “ floats ” 
produced greater yields of peas, barley, and rape than those receiv- 
ing the same amount of phosphate in somewhat coarser particles. 
Burlison? in a similar experiment with 60-day oats employed Ten- 
nessee brown-rock phosphate of three different degrees of fineness 
in a series of pots containing relatively pure sand, to which were 
added also the other fertilizer elements. The results of this experi- 
these experiments are given in Table IV. 


TABLE III.—Relation of size of particles of the availability of the phosphoric 
acid contained therein, as measured by 60-day oats. 


Pot number. P nepal Degree of fineness. Grain. Straw. 

Grams. Grams. Grams. 
T/C eA ee 2UGH ESO) COM OO) mes haha eee ey Reet e a alee eer eto 5.9 6.8 
WSs Ue Ne naes a coco WO Neosoe Gowets eae a ee 7.0 10.1 
Ty 55 UNS Be te QAGe | P1OOitoL200 mics hes ee ee eee eee eae 5.8 11.1 
PAV ai 8 Te a ae as PA See Qerei ete ratvetararerataterteratete aia tole erate stare aap ren Cee 11.4 
Oe Soe ee ps en eS 246) |e200hmeshian dsanenseeee cease ase eee t eee 8.7 nil, il 
Woe cecis cele cisses PAD |oooe GO er ena aie ar care St AE Sy tes 1% 13¢2 


Table III shows that there was considerable difference between the 
average yields of oats treated with the coarser and those receiving 
applications of the more finely ground phosphate rock. . 

While the value of the conventional availability tests is seriously 
questioned, the solvents employed serve fairly well to determine the 
effect of fine grinding on the solubility of a given phosphate. In the 
following experiments two of the most widely used phosphates pro- 
duced in this country, namely, the pebble phosphate of Florida and 
the brown-rock phosphate of Tennessee, were employed. 

Samples of these types of rock were ground to three different de- 
grees of fineness, as follows: (1) Between 60 and 130 mesh, (2) be- 
tween 1380 and 180 mesh, and (8) 180 mesh and finer. The solubility 
of the three grades of each type was then determined according to 
the official method of the American Association of Official Agricul- 
tural Chemists (solubility in ammonium citrate), according to Wag- 
ner’s method (solubility in 2 per cent citric acid), and according to 
Dyer’s method (solubility in 1 per cent citric acid). In addition to 
these conventional determinations the solubility of the material in 
water saturated with carbon dioxide was determined. The results of 
these experiments are given in Table IV. 


1Jour. Royal Agr. Soc.. 4, 176-196 (1868). 
2N. Y. Agr. Expt. Sta. (Geneva), Bul. No. 358 (1918). 
8 Jour. Agr. Research, 6, pp. 507-508 (1916). 
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TABLE 1V.—Influence of fine grinding on the solubility of Florida and Tennessee 
phosphates in certain conventional solvents. 


[Analyses by R. F. Gardiner and J. A. Cullen.] 


Percentage of total P.O ;:| Amount 
soluble according to— dissolved 


tn a by water 
Type of rock. Degree of fineness. ae | satu- 

Official |Wagner’s| Dyer’s Fates 
method. | method. jmethod.1 CO, 


Per cent.|Per cent.|Per cent.|Per cent.| P. P. M. 
2.0) 


Florida pebble............. Between 60 and 130 mesh.. 35. 53 2.76 11.54 2.0 
ID oye Rae tae ar | 2 nee ee Between 130 and 180 mesh... 36. 27 4.66 16.10 2.59 3.0 
DY oye see at ant os SC ee ia 180 mesh and finer........_. 37.03 5. 54 18. 66 2.57 4.0 
Tennessee brown rock...... Between 60 and 130 mesh... 31.25 - 83 8.16 2oo 2.0 
IDS ae eS RSAC eee soa Between 130 and 180 mesh..| 29.96 2.34 8.85 2. 62 4.09 
DD) Oe ate be 180 mesh and finer.........- 26. 80 3. 80 17. 60 3.11 4.5 


1The solubility determinations according to Dyer’s method were made on new samples. 


Table IV shows that in nearly every instance the finest ground 
material yielded considerably more phosphoric acid to the solvents 
employed than the coarser material. 

Several concerns now producing ground phosphate rock claim that 
their product is ground so that 80 per cent will pass a sieve of 200 
meshes to the linear inch. While some tests run in this laboratory 
seem to make it doubtful if a uniform product of this degree of fine- 
ness can be placed on the market at present prices, the material 
should at least be ground so that 90 per cent will pass a 100-mesh 
sieve. Such rock will contain a large percentage of very much finer 
material. 

EFFECT OF ORGANIC FERMENTATION. 

Tt is generally believed by those who favor the use of raw rock 
phosphate as a fertilizer that the action of decaying organic matter 
increases the availability or effectiveness of the phosphate in the 
soil. While actual field experiments lend support to this conclusion, 
efforts to prove this point in the laboratory have not been altogether 
satisfactory. 

Lupton! mixed floats with cottonseed meal and allowed the mix- 
ture to ferment. Citrate-soluble phosphoric acid was determined 
at the beginning and from time to time during the three months of 
the experiment. The results were inconclusive. McDowell? allowed 
a mixture of floats and manure to ferment in a barrel for 18 months 
and compared the water-soluble and citrate-soluble phosphoric acid 
present at the beginning and at the end of that period. No increase 
in the amount of citrate-soluble phosphoric acid was noted. In a 
similar experiment Holdefleiss? found but little increase in the 
citrate solubility of phosphate rock which had been mixed with 
various organic materials and inorganic salts and allowed to ferment 


1 Ala. Agr. Expt. Sta., Bul. No. 48, pp. 1-10 (1893). 
2Pa. Agr. Expt. Sta., Ann. Rept. 1907-8, p. 175. 
8 Heiden, Dungerlehre, 2, 509. 
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for eight months. Pfeiffer and Thurmann?‘ found that the compost- 
ing of decaying organic matter and phosphates produced but a 
slight increase in the citrate solubility of phosphate rock and actually: 
decreased the solubility of acid phosphate. 

Truog,? however, states that these experiments are open to criti- 
cism, since no blanks or checks (P,O, determinations) were run on 
the organic materials mixed or composted with the phosphates. This 
author carried on a number of laboratory experiments to study the 
effect of decomposing organic matter on the solubility of. finely 
ground rock phosphate. This solubility, however, was determined 
_In nearly every instance in a 0.2 per cent solution of citric acid, 
which can not be considered a proof of, nor necessarily an index to, 
the availability of the phosphatic material. 

In his first experiment Truog made up the following mixtures in 
1-gallon glazed jars, each provided with a hole in the bottom: 


No. 1: 2.7 kilograms sand, 25 grams floats. 
No. 2: 2.7 kilograms sand, 25 grams floats, 300 grams grass. 


No. 3: 2.7 kilograms sand, 300 grams grass. 
No. 4:2.7 kilograms sand, 26 grams floats, 300 grams manure. 
No. 5:2.7 kilograms sand, 300 grams manure. 


The sand used in this experiment analyzed 97.9 per cent silica; 
the floats consisted of a high-grade finely ground rock phosphate 
containing 34 per cent phosphoric acid (P,O,). The grass was fresh 
fine grass finely chopped, and the manure was fresh cow dung 
without any litter. 

The contents of each jar were thoroughly mixed and an optimum 
amount of water was maintained in the jars for a little over four 
months. Both the water-soluble and citric-soluble phosphoric acid 
present in the mixtures were then determined. The results of these 
analyses are given in Table V. 


Taste V.—Parts of phosphoric acid (P20s) per million parts of the extracting 


solution. 
P20; P05 
extracted | extracted 
P.O; from 150 from 150 P.O; 
extracted | grams of grams of | extracted 
ae from jars material | material from 60 
N Treatment. by 3 liters |by 300 cubic/by 300 cubic} grams of 
ue of centimeters} centimeters} materia — 
distilled of 0.2 per | of 0.2 per by 1 per 
water. cent citric | cent citric |jcant NaOH 
acid in 24} acidin8 
hours. days. 
P.p.m. p.™. P.p.™. P.p-m. _ 
te eOuantzrandifloats.o) 5 .ask. of oh ese boc el ees 1165} 116.0 149.0 (08) 
2 | Quartz, floats, and grass... . 88.0 68.5 99. 0 11.0 
3) |} Quartziand grass..2...2.--- anes ae 88. 0 26.0 32.0 8.7 
41 Quartz, floats, and manure.....---------------- 71.0 88.0 118.0 12.5 
5, | Qunm CGC Gab hele meedcosssepasseeecocaccene 67.0 66.5 57.0 9.3 


1Landw. Vers-Stat., 345 (1896). 
2 Wis. Agr. Expt. Sta., Research Bul. No. 20 (1912). 
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The fermentation of organic matter apparently had little or no 
effect on the solubility of finely ground rock phosphate in water 
and a depressing effect on its solubility in 0.2 per cent citric acid 
solution. In regard to the rock’s solubility in 1 per cent sodium 
hydroxide solution, however, this depression is not so marked if 
indeed there is any. This investigation included a number of other 
interesting experiments, showing the solvent effect of carbon dioxide 
on natural phosphates and the great increase in the quantity of this 
gas in soils treated with manure. The pot work with raw rock 
phosphate conducted by Truog is discussed elsewhere in this bulletin. 

In summing up the results of his work Truog concludes that the. 
“solubility of phosphate as measured by a solvent like 0.2 per cent 
citric acid may be very different from the availability as measured 
by a growing crop.” He thinks that the role which organic matter 
plays in rendering raw phosphates more available in the field is due 
to the increased quantity of carbon dioxide resulting from organic 
decomposition and the better distribution of the phosphate which is 
brought about by mixing it intimately with the organic material. 

Sackett, Patten, and Brown’ in an investigation on the solvent 
action of soil bacteria upon the insoluble phosphoric acid of bone.and 
raw rock phosphate found that certain types of soil bacteria have the 
power of converting small quantities of insoluble phosphates into 
soluble form independent of acid formation, but that when bacterial 
growth is accompanied by the formation of acid the amount of phos- 
phate dissolved is considerably greater. 

Tottingham’* found, however, that in mixtures of rock phosphate 
and manure both the water-soluble and citrate-soluble phosphoric 
acid were reduced by fermentation. 

In a later and more exhaustive investigation Tottingham and Hoff- 
man ® showed that the action of fermenting manure on natural phos- 
phates is much more complex than was formerly supposed. These 
investigators claimed that the decreased solubility of the phosphates 
in such mixtures was due to the fixing or absorption of the phos- 
phorus by the manure organisms, but that the availability of the 
phosphorus in the cells of such organisms as measured by a growing 
crop (pot test) was as great as that in acid phosphate. Moreover, 
after fermentation has practically ceased the absorbed or altered 
phosphate is released in forms soluble in carbonated waters. The 
final conclusions reached in this investigation were that advanta- 
geous results are obtained by composting rock phosphate with fer- 
menting manure, but that it is inadvisable to practice the same 
scheme with acid phosphate. 

1 Mich. Agr. Expt. Sta., Bul. No. 48 (special), (1908). 


2Science (n. s.) $5, 390 (1912). 
8 Wis. Agr. Expt. Sta. Research Bul. No. 29, pp. 273-321 (1913). 
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Forbes and Fritz! suggested the introduction of floats into the 
silo in order that the fermentation process and the subsequent pass- 
ing of the ensilage through the animal’s body would aid in rendering - 
the rock phosphate more soluble. The following table gives a 
summary of the analytical results obtained by these investigators. 


TABLE V1.—Phosphorus in silage corn with and without added floats, and in 
silage made therefrom. 


Average content of phosphorus on water-free basis. 


Material. Water 
Total Water Citrate a Topics soluble plus 
soluble. soluble. cent HCI. citrate 


soluble. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
Untreated green silage corn........--..---- 0. 207 0. 149 0. 0: 0. 083 0.170 


Silage from untreated corn......-.-.------- 224 - 160 . 008 -1ll - 168 
Green silage corn plus floats............-.- -371 - 136 - 061 .172 - 197 
Silage from treated corn.........--.----..- - 384 . 157 - 060 237 -217 


If the total quantity of phosphoric acid in the material is consid- 
ered, it will be seen that the fermentation process actually decreased 
the percentage of water-soluble plus citrate-soluble phosphoric acid 
present in the silage corn. Fermentation also produced little or no 
effect on the citrate solubility of floats mixed and charged to the silo 
with the corn. The amount of phosphate dissolved by a 0.2 per cent 
solution of hydrochloric acid, however, was considerably increased by 
the ensilage process. If this were an index of availability (an as- 
sumption which is hardly warranted) the mixing of phosphate rock 
with ensilage might be considered good practice. 

Mooers,” however, carried this investigation somewhat further and 
actually determined the citric-soluble phosphate in the dung of ani- 
mals fed with ensilage treated with floats, comparing the results with 
the dung of similar animals fed with untreated ensilage. 

The treated ensilage was produced by charging the silo with finely 
ground rock phosphate and corn at the rate of 2 pounds of the former 
to 100 pounds of the corn. It was assumed that the increased amount 
of total phosphoric acid in the dung of the animals fed with the 
treated ensilage was due to the rock phosphate in the ensilage. In 
order to have a check on the effect of fermentation and the subse- 
quent digestive process on the solubility of the phosphate, an 
amount of rock phosphate equal to that in the dung produced from 
the treated ensilage was added to the dung produced from un- 


treated ensilage. The results of this investigation are summarized 
in Table VII. 


1Jour. Ind and Eng. Chem., 6, 222 (1914). 
2 Jour. Ind. and Eng. Chem., 6, 487-8 (1914). 
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Taste VII.—Phosphoric acid (P:0s) voided in dung of animals fed with phos- 
phated and unphosphated ensilage. 


Phosphoric acid found. 


Material. Soluble in 


Total. 0.1 per cent 
citric acid. 


Per cent. | Per cent. 
iy 0. 


in the dung from cow No. 30 fed with treated ensilage.............------------ 5.95 88 
Dung from cow No. 30 (phosphated ensilage).........-.-.----------------------- 5. 95 1.05 
Dung from fawn heifer (untreated ensilage)....-..........---.------------------ 1.78 1.38 
Dung from fawn heifer (untreated ensilage) plus a quantity of floats equal to that 

in the dung from the blue heifer fed with phosphated ensilage....-......-...-- 9. 34 1.47 
Dung from blue heifer (phosphated SSIES) Fa A a De Se ee ee aS Bee 9.34 1.86 


Apparently the combined processes of fermentation and subse- 
quent digestion of the phosphated ensilage produced small increases 
in the citric solubility of the rock phosphate, but in view of the 
fact that the animals would eat but limited quantities of the treated 
ensilage, and that it was doubtful whether the increase in solubility 
was due to the ensilage process or to animal digestion, he concluded 
that this method did not offer a practical means of rendering the 
phosphoric acid of raw rock phosphate available for, agricultural 
purposes. 

In a laboratory investigation on the effect of phosphates and 
sulphates on soil bacteria Fred and Hart? found that the addition 
of such materials to a soil in soluble form increased the ammonifi- 
cation, carbon dioxide evolution, and total number of bacteria. 
While these effects were much less marked in the case of a rela- 
tively insoluble phosphate (bone ash), the suggestion that the in- 
crease in yield resulting from phosphate applications is due in part 
to the promotion of bacterial activity, which in turn increases ammo- 
nification (or the supply of available nitrogen) and also the carbon 
dioxide content of the soil, seems reasonable. The latter compound 
is effective in bringing about the solution of a further quantity of 
phosphate mineral. 

Hopkins and Whiting,” in an article entitled “Soil Bacteria and 
Phosphates,” showed that nitrous acid produced by the action of 
nitrate bacteria upon ammonium salts dissolved phosphate of lime, 
the amounts of lime and phosphoric acid in solution increasing as 
the quantity of oxidized nitrogen increased. These same authors 
also point out that if all the nitrogen required by standard crops 
were obtained from the oxidation of ammonia or ammonium salts 
and the acid thus produced made to act upon rock phosphate the 


1Wis. Agr. Expt. Sta. Research Bul. No. 35, pp. 35-66 (1915). 
211]. Agr. Expt. Sta., Bul 190, pp. 395-406 (1916). 
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amounts of phosphoric acid and lime thus rendered water soluble 
would be many times greater than required by these same crops. 

Nearly all the experiments so far considered for determining the 
effect of decaying organic matter upon rock phosphate have de- 
pended on some weak solution (usually an acid) to measure the 
availability of the phosphate thus treated. Truog’s conclusion that 
the conventional laboratory methods for measuring the availability 
of phosphates are unsuitable under certain conditions seems quite 
logical. Take, for instance, the fermentation of manure, which re- 
sults in the formation of alkaline products, which predominate for 
a time at least over the acid products. There seems little reason 
to suppose that changes in raw rock phosphate brought about by 
such fermentation can be measured by the solubility of the phosphate 
in acid solution. 

It is true that after the fermentation has proceeded further and 
the alkaline products have been largely evolved or neutralized, or 
after fermentation has ceased and the altered phosphate has been 
released by the death of the organisms which absorbed it into their 
cells, one might expect that the solubility of the phosphate in water 
saturated with carbon dioxide would be an index to its availability. 
But while carbon dioxide increases quite appreciably the solubility 
of the difficultly soluble phosphates, this effect is limited at any one 
time by the amount of the gas which can enter into solution. During 
the growing season, however, the constant absorption of the dis- 
solved phosphate by plant roots allows the carbon dioxide to act 
continually upon more phosphatic material. Decaying organic mat- 
ter mm contact with raw phosphate, therefore, should be furnishing 
carbon dioxide sufficient to keep a fairly constant supply of phos- 
phoric acid in the soil solution, and therefore the availability of the 
phosphate should be considerably increased by its presence. 


POT AND GREENHOUSE WORK. 


The main advantage of pot work in testing out fertilizer materials 
lies in the fact that the conditions under which the experiments are 
conducted can be to a large extent controlled. 

Soil in the same mechanical condition and of the same chemical 
composition can be obtained for a series of pots with little difficulty. 
Uniform conditions of moisture and temperature can be maintained 
throughout the growing period, and such disturbing factors as blight, 
insect pests, and injuries from heavy rain, hail, or high winds can 
be reduced to a minimum. 

On the other hand, the slightest variation in the conditions of the 
experiment may produce such differences in the erops as to lead to 
very erroneous conclusions. Careful selection of seed, uniform pack- 


56841°—Bull. 699—18——2 
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ing of the soil to insure equality in drainage, and a thorough distri- 
bution of the fertilizer material are essential in order to obtain 
reliable data from pot tests. 

Another disadvantage in pot work lies in the fact that it is 
dificult to grow many plants to maturity in pots because of the 
limited space in which the root systems 1ave to expand and forage. 

While pot tests with fertilizer materials are valuable for prelimi- 
nary experiments and are also useful supplements to field work, the 
results obtained therefrom can not be regarded as final proof of the 
value of the fertilizer material under investigation. In fact, pot 
tests do not necessarily serve as an index to the results whith will 
be obtained in the field. 

The amount of pot or greenhouse work on ground raw rock phos- 
phate is comparatively small. What has been done is discussed 
further on in the detailed descriptions of the work of the State 
@xperiment stations. 


FIELD EXPERIMENTS. 


The final proof of the value of a fertilizer material must rest upon 
field experiments, but field experiments, unless carefully conducted 
with due regard to the numerous factors influencing crop yields, are 
often worse than valueless. 

Because of limited knowledge of these factors, the earlier agrono- 
mists had a tendency to publish the results of field work conducted 
for a year or two only and to draw conclusions from very meager 
data. Unfortunately, even now the results of field experiments are 
often published without at the same time reporting data or mention- 
ing certain factors which would be a great aid in interpreting the 
significance of the crop yields. Moreover, the experiments (particu- 
larly raw rock phosphate tests) are conducted in such different ways 
and under such a variety of conditions that it is impossible to 
reduce them to a uniform basis for the sake of comparison. The 
desirability of having field investigators employ the same methods — 
and a minimum standard in both variety and fertilizer experiments 
has been pointed out by Piper and Stevenson. 

In considering the results of field experiments with raw rock 
phosphate, careful attention should be given to the following factors: 
Uniformity of experiment field. 

Topography and drainage conditions. 
Physical and chemical composition of the soil. 
Previous treatment of field. 

Climatic conditions. 

Injuries from disease, insects, and animals. 


Ue te Gey Coniks 


1 Standardization of Field Experimental Methods in Agronomy. Proc. Am. Soc, Agron., 
2, 70-76 (1910), 
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7. Kind of crops grown and selection of seed. 
8. Rate of application and uniform distribution of phosphates, 
9. Methods of comparing raw rock with other phosphates. 

10. Effect of other fertilizers. 

11. Number and distribution of plots, 

12. Duration of experiment. 


UNIFORMITY OF EXPERIMENTAL FIELD, 


The greatest care should be exercised in selecting a field contain- 
ing soil of a uniform character throughout, for unless the soil on the 
yarious plots has the same productive power or the probable dif- 
ference in its natural fertility on these plots is determined, the yields 
obta:ned from the application of fertilizers may have little or no 
meaning. A soil survey of a field is of great importance, but such a 
survey unless supplemented by borings may not give sufficient in- 
formation, since an apparently uniform soil may so vary in depth 
from place to place as to cause wide differences in the productivity 
of the various plots. Hall and Russell+ state that a simple yet sensi- 
tive method of determining the uniformity of a soil consists in as- 
certaining the percentage of moisture in samples collected from va- 
rious parts of a field at the same time to the same depth. An even 
more sensitive test, it is said, consists in determining the percentage 
of nitrates in such samples. 

Piper and Stevenson? state that it is difficult to say what is the 
ordinary error due to soil inequality. Hall and Russell® state that 
the Rothamsted records show that there is an error of 10 per cent on 
plots where the past treatment has been uniform and general con- 
ditions were favorable for experimental work. 

In conducting fertilizer experiments in the field attempts have 
been made to determine the so-called “natural fertility” of the 
plots subsequently treated with fertilizers. Offhand the most logical 
method appears to be to complete at least one rotation of the sys- 
tem to be employed during the experiment without the addition 
of any fertilizer whatever. The usefulness of this method of valuing 
the plots, however, appears very doubtful. In fact, it might well 
be asked, “Is there such a thing as natural fertility under field con- 
ditions when these conditions vary so greatly from year to year?” 
Lyon‘ has shown that when corn, oats, and wheat were grown for 
several years on the same fields no definite relation was shown be- 
tween the yields of the various plots from year to year. 


iChem. News, 102, 180 (1910). 

2 Standardization of Field Experimental Methods. Proc. Am. Soc. Agron., 2, 70-76 
(1910). 

3Error of Experiment in Agricultural Field Tests. Chem. News, 102. SO (1910). 

Experiments to Estimate Errors in Field Plat Tests. Jour. Am. Soc, Agron. 8, 
89-114 (1911). 
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Where the check plots and those receiving various fertilizer treat- 
ments are replicated several times throughout the experiment field, 
absolute uniformity in a field is not so essential. This point, how- 
ever, is discussed under the heading “ Number and Distribution of 
Plots.” 


TOPOGRAPHY AND DRAINAGE CONDITIONS. 


The soil of an experiment field may be fairly uniform throughout, 
but unless the topography and drainage conditions are regular, cer- 
tain parts of the field will be more productive than others. Drainage, 
whether natural or artificial, is seldom uniform on a field.t. If a soil 
has good underdrainage, but the topography of the field is not 
regular, the accumulation of silt and the greater moisture content of 
the low ground will probably render these depressions more produc- 
tive than the high ground. On the other hand, if the low ground is 
poorly drained, excessive moisture in the spring may keep the ground 
cold, delaying greatly the growth of the crop, preventing aeration of 
_ the soil, and hindering the development of root systems sufliciently 
extensive to keep the crop from suffering from droughts encountered 
later in the year. 

Topographic irregularities may also affect crop yields by causing 
certain parts of a field to be shaded more than others. The shaded 
areas may or may not produce greater yields than the unshaded, de- 
pending on the climatic conditions and the crops grown. 

Since it is frequently not practicable to obtain an experiment field 
free from topographic irregularities, the plots should be laid off or 
distributed in such a way that these irregularities are apportioned (as 
nearly as possible) equally among the various treatments. 


PHYSICAL AND CHEMICAL COMPOSITION OF SOILS. 


Fertilizers affect various soil types and soils varying in chemical 
composition quite differently. Very sandy soils, low in organic 
matter, ordinarily respond quickly to the soluble fertilizers, but 
owing to their low absorptive capacity they may often be leached of 
their soluble salts during excessive rains. Clay soils, on the other 
hand, if kept in good tilth, have a great absorptive capacity, but often 
do not respond so readily to fertilizer treatment until they have been 
heavily limed. Soils rich in organic matter usually respond more 
quickly to the relatively insoluble fertilizers than those of low organic 
content, but here again the soil type and its mineral constitutents are 
factors which must be considered. 

The digestion of a soil with hydrochloric or nitric acid of various 
strengths is of little value as an index to its fertility or to its content 


Hall, A. D., and Russell, E. J. Chem. News, 102, 180 (1910). 
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of available plant food, but the determination of the total quantities 
of the fertilizer elements (by fusion with sodium carbonate) is fre- 
quently of considerable importance, particularly if supplemented by — 
a mineralogical examination. 

Some soils high in phosphoric acid seem little affected by applica- 
tions of phosphatic fertilizers, while in other soils the lack of phos- 
phoric acid appears to be the factor limiting their fertility. 


PREVIOUS TREATMENT OF FIELD. 


Tf a soil is to be tested to determine its responsiveness to a phos- 
phatic fertilizer, it is obvious that it should not have been treated 
with phosphates a short time before the experiment. Again, unless 
the experiment is undertaken primarily to show how a badly managed 
soil may be restored to former fertility, care should be taken that the 
soil is not in a “run-down ” condition, due to improper handling and 
cropping. Ordinarily a field should be selected on which the soil is 
in a condition as nearly as possible like its original state. 

Since most of our cleared land has been cultivated and much of it 
fertilized, it is not often possible to obtain a field which is immedi- 
ately available for experimental purposes. It is often well, therefore, 
to allow a field to le fallow for a year or so before using it for plot 
work in order that the effect of previous treatments may be reduced 
to a minimum. In any event the history of the field for a few years 
prior to the experiment should be recorded. 


CLIMATIC CONDITIONS. 


The temperature, rainfall, sunshine, wind, and to a large extent 
blight, and insect pests are factors beyond control in field work. 

Because of the early stimulation produced by a soluble fertilizer 
a late frost may cause more damage.to plots thus treated than to 
those on which a less soluble fertilizer has been used. On the other 
hand, early stimulation and the quick maturity of certain crops are 
almost essential in some of our Northern States in order that they 
may be harvested before the early frost. 

High winds or hailstorms may also cause more damage to the 
better-developed crop than to that which is backward for lack of 
fertilizer. If such a factor is not considered the final results may 
lead to very erroneous conclusions. Excessive rains will sometimes 
leach a soluble fertilizer out of a sandy soil so quickly that its full 
effect will not be felt and the less soluble fertilizers will appear to 
greater advantage. On the other hand, the early stimulation pro- 
duced on a plot by a soluble fertilizer may later enable the plants 
to resist a severe drought more effectully than those on a plot which 
has been treated with a less soluble fertilizer. 


y) 


22 BULLETIN 699, U. S. DEPARTMENT OF AGRICULTURE. 


INJURIES FROM DISEASE, INSECTS, AND ANIMALS. 


Injuries from disease, insects, and animals are sometimes so great 
as completely to destroy the value of a year’s work. The relative 
damage to certain plots frequently may be estimated and allowances 
made, but where the injury is considerable, it is often wise to throw 
out the results entirely. Hall and Russell state that “the unequal 
incidence of disease is sometimes very troublesome.” It is certainly 
rare if the various plots of an experiment field are equally affected 
by one or more of the above injuries; so, no matter how slight the 
damage may appear, it should be recorded and mention made of it 
in publishing the field results. 


KIND OF CROP GROWN AND SELECTION OF SEED. 


Experience has shown that for trucking purposes, where the delay 
of a week or less in the maturing of a crop will often mean the 
difference between profit and loss to a farmer, the water soluble 
fertilizers are much more desirable than the relatively insoluble 
varieties. Some crops also seem better able to utilize the less soluble 
phosphates than do other crops.? Extensive root systems may en- 
able certain plants to forage for their food better than those which 
feed over°a more limited area. 

The selection of uniform seed is also an important factor, particu- 
larly when dealing with small plots. In order to decrease the prob- 
able variation in individual productiveness of corn grains, Lyon? 
suggested the plan of planting all the plots in an experiment with 
kernels from the same ears. While such a scheme is not possible in 
the case of many other crops, the selection of seed either by mechani- 
cal or other means can not be sufficiently emphasized. 


UNIFORM DISTRIBUTION OF THE FERTILIZER. 


In order to obtain the maximum benefit from an application of 
fertilizer a thorough distribution in the soil is necessary. The root 
systems of some plants are so extensive that they feed over a very 
wide range, and unless the fertilizer has affected the soil in the 
vicinity of all the root hairs, full benefit from the application can 
not be obtained. In the case of a soluble fertilizer it is not neces- 
sary to exercise such extreme care in application, since the distri- 
bution is largely brought about by rain and the circulation of the soil 
water, but with relatively imsoluble fertilizers, such as basic slag, 


1 Brror of Experiment in Agricultural Field Tests. Chem. News. 102, 180 1910). 

2Me. Agr. Hxpt. Sta. Ann. Rept. for 1898 (1899). R. I. Expt. Sta., Bul., 163, p. 
516-560 (1915). 

3A Test of Planting Plots With the Same Ears of Corn to Secure Greater Uniformity 
in Yield. Proc, Am. Soc. Agron., 2, 35-37 (1910). 
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bone meal, and ground rock phosphates, the distribution must be 
brought about by mechanical means. 

A brief consideration of the facts will show how important it 1s 
that applications of raw. rock phosphate should be heavy in order 
that the material may have a fair trial. 

An average soil contains 0.113 per cent of phosphoric acid (P.0,) 
or 1.98 tons per acre-foot. If such a soil has been given thorough 
cultivation for a number of years the phosphoric acid contained 
therein should be fairly well distributed, at least much better than 
it ts possible to distribute a relatively small application of raw rock 
phosphate in a limited time by mechanical means. It hardly seems 
possible that such a soil could respond to applications of rock phos- 
phate supplying an amount of phosphoric acid equivalent to only 
1 or 2 per cent of that which it already contains in a form nearly if 
not quite as available. An application of 1,300 pounds per acre 
of average raw rock phosphate (30 per cent P,O,) would increase 
the quantity of phosphoric acid already present in an average soil 
approximately 10 per cent. 

Hopkins? in his recommendations for soil treatment advises the 
use of raw rock phosphate on soils containing phosphoric acid in 
subnormal amounts at the rate of 1,000 pounds per acre every five or 
six years (preferably in connection with farm manure). 

Truog? of the Wisconsin Experiment Station conducted a pot 
experiment in which he showed that where raw rock phosphate was 
very thoroughly mixed with ground quartz much better yields of 
corn and oats were obtained than where only ordinary care in mixing 
was practiced. 

The use of applications of from 1,000 to 2,000 pounds of very finely 
ground raw rock phosphate every few years and the mixing of the 
same intimately with the soil by thorough cultivation should bring 
about the desired distribution. In this way a large surface of the 
relatively insoluble material is exposed to the action of the soil 
water, and much more of the phosphate can therefore be dissolved 
within a limited time. 


METHODS OF COMPARING VARIOUS PHOSPHATES. 


In nearly all of the field experiments so far conducted to compare 
the relative fertilizer values of ground raw rock phosphate and the 
more soluble phosphates, three general methods of application have 
been followed: (1) Equal weights of the various phosphatic materi- 
als have been applied, usually at a medium rate per acre. (2) The 
various phosphates have been added in such quantities as to furnish 


17]. Agr. Expt. Sta.. Bul. No. 1223 (1908). 
2Wis. Agr. Expt. Sta., Research Bul. No. 20, p. 42-45 (1912). 
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equal amounts of phosphoric acid to the soil, the applications usually 
being at a rate supplying phosphoric acid sufficient for one year’s 
crop. (8) The several phosphates have been applied in quantities 
representing equal money values at the particular time and in the 
particular locality in which the experiment was conducted. 

Unfortunately, the first method of comparison has been the one 
employed in many field experiments, and while the results obtained 
are of some value, the method is very illogical, both from a scientific 
and economic viewpoint, since there are wide differences in the phos- 
phoric acid-content of the various phosphates and the cost of these 
phosphates differs greatly. The only points in favor of such a 
method of comparison are that the amount of labor expended in 
spreading equal quantities of phosphatic material is the same and 
that all experiments conducted according to this method are to a 
certain extent comparable. 

If the role which the more soluble phosphates play in the soil was 
simply that of supplying plant food, and the cost of phosphoric acid 
in its various forms was practically the same, the second method of 
comparison would be the logical one to follow. Moreover, all experi- 
ments conducted according to this method are also to a certain extent 
comparable. But water-soluble phosphates perform other functions 
in the soil which are often as important as the direct supplying of 
plant food to the growing crop. Not only do they affect the solubil- 
ity of the soil minerals, but they influence and stimulate bacterial 
life and alter the physical condition of the soil. Because of the ease 
with which they are distributed in the soil and the quantity of soluble 
sulphates with which they are usually associated (in acid phosphate), 
they can not but be more energetic in their action than equal amounts 
of phosphoric acid in the form of relatively insoluble phosphates, 
and therefore a comparison of the two classes of phosphates based 
on equal applications of phosphoric acid is almost certain to be favor- 
able to the soluble variety, even though the cost of the less soluble 
phosphates is usually considerably less. 

The third method of comparing the various classes of phosphates 
has much to recommend it, since the effectiveness of the insoluble 
phosphates must depend largely on their thorough distribution in the 
soil, a distribution which can only be brought about by heavy appli- 
cations of very finely ground material. Moreover, the relative value 
of two fertilizer materials must in the end be determined by the 
financial returns obtained from equal investments in the two forms. 
In many localities the price per ton of finely ground raw rock phos- 
phate is about one-half that of acid phosphate or basic slag and one- 

third that of bone meal. Since the average rock phosphate contains 
about twice as much phosphoric acid as acid phosphate, the same 


EXPERIMENTAL WORK WITH RAW ROCK PHOSPHATE, 25 


amount of money will frequently purchase four times as much 
insoluble as soluble phosphoric acid. 

Many experiments conducted according to this third plan, how-. 
ever, are not comparable since not only do the prices of the two 
forms of phosphoric acid vary considerably in different localities, 
cepending on the distance to the mines and fertilizer factories, but 
the margin of difference also fluctuates from year to yea, depending 
on market and labor conditions. 

While this third method of comparison appears moka ues ire: than 
the first and second, it is open to objections from a gahey business 
standpoint. 

Practically all of the more ardent supporters of ground raw rock 
phosphate as a fertilizer concede that full benefit can not be gained 
from applications of such material until it has been allowed to 
remain in the soil for a year or more, and that it becomes increas- 
ingly effective as it becomes more thoroughly distributed through 
cultivation and is exposed to the action of certain soil solvents. 
This means the investment of capital which does not pay its full 
interest for some years, while an equal amount of money invested 
in acid phosphate may pay good interest the first year. The fol- 
lowing plan, which does not yet seem to have been tried, appears 
to be a more logical method of comparing the two classes of phos- 
phates: 

Apply the first year the several phosphates in quantities repre- 
senting equal money values. When the crops are harvested, any 
increase from the acid phosphate plots over and above that from the 
raw rock plots reinvest in acid phosphate to be applied to the next 
crop of the acid phosphate plot, thus keeping the net profit from 
the two plots constantly equal for a number of years until sufficient 
time has elapsed for the raw rock to have reached its maximum 
effectiveness. 

Hopkins has proposed and followed a scheme somewhat similar to 
the above in the addition of manure or crop residues to variously 
treated plots. His plan consists in adding to each treated plot after 
the first year these materials in quantities equivalent to the amounts 
which would be produced from the crop grown on that particular 
plot. 

In considering the field work of the experiment stations, discussion 
of the profits obtained from various fertilizer treatments have in 
most instances been omitted since the cost of fertilizer materials as 
well as most crops vary from year to year and place to place. It was 
thought best, therefore, to allow those sufficiently interested in the 
subject to figure the financial returns for any particular time and 
locality. 
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EFFECT OF OTHER FERTILIZERS. 


It is maintained by many agricultural investigators that it is not 
possible to ascertain the phosphoric acid requirement of a soil and 
crop until nitrogen and potash have been supplied in optimum quan- 
tities. In other words, since these three fertilizer elements are taken 
up in a definite ratio by various crops, an adequate supply of any 
two elements must be present in the soil solution before the plants 
can utilize t* ar full quota of the third. While this is to a certain 
extent tru the. methods employed in bringing about this end by no 
means cholee conclusively that only the optimum quantities of the 
fertilizer elements are present. For instance, the application of 
potash to a soil until a crop no longer responds to further additions 
of this element simply means that there is a limit above which potash 
when applied alone gives no increase in yield. But potash may be 
present in the soil solution in far greater quantities than can be 
utilized by the plant. The excess over and above that required to 
grow a maximum crop may be performing any or all of several 
functions just as important as the direct supplying of plant food. 
Moreover, the addition of a phosphatic or nitrogenous fertilizer may 
entirely alter the function of the excess potash and will certainly 
affect the nutrient qualities of the soil solution and the feeding 
powers of the crop. 

It has been pointed out by Cameron? that fertilizers not only 
affect the chemical composition of the soil by the actual addition of 
salts or organic compounds, but they alter the nature and solubility 
of the minerals already present. They also have an important in- 
fluence on the physical condition of the soil, its bacterial content,? 
and upon other active biological agents which directly or indirectly 
affect plant growth. 

One of the most conclusive proofs that the plant food theory is 
inadequate to explain entirely the action of fertilizers is the fact 
that stable manure, which is recognized generally as the most effec- 
tive of all fertilizers, contains the three elements, nitrogen, phos- 
phorus, and potassium, in quantities entirely insufficient to account 
for the increase in yields obtained from ordinary applications of this 
substance. 

No matter which view is taken concerning the action of fertilizers, 
_ the conclusions are in a general way the same, 1. e., the application of 
one fertilizer has an important influence on the action of another. 
Tn the case of raw rock phosphate it has been pointed out that most 
fertilizer salts exert a solvent effect upon this material, and there- 
fore it is reasonable to expect its effectiveness to be somewhat in- 


1 The Soil Solution, pp. 105-109 (1911). 
8Fred and Hart. Research Bul. No. 35, pp. 35-66, Wis. Expt. Station (1915). 
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creased where it is applied in conjunction with commercial forms 
of nitrogen and potash. 


NUMBER AND DISTRIBUTION OF PLOTS. 


Tt has been pointed out by various investigators that a very much 
clearer and more accurate knowledge of the value of fertilizer treat- 
ments can be gained by employing on a limited area many small 
plots, repeating each fertilizer treatment as well as the checks on sev- 
eral well distributed plots, than on the same area TNS pene plots 
but fewer duplicates are employed. 

Piper and Stevenson? state that a long period of experimentation 
as well as the replication of plots tends to reduce probable error. 
Mercer and Hall? in summing up the results of an investigation on 
“Errors of Field Experiments,” state that in field trials the error 
diminishes with increasing size of the plot, but the reduction in error 
is small when the plot is above one-fortieth acre. These authors 
recommend that in any field experiment each unit of comparison 
‘variety, method of fertilizing, etc., according to the object of the 
experiment) should be given five plots of one-fortieth acre each, sys- 
tematically distributed within the experimental area. Lyon con. 
cludes that an area of one twenty-fifth acre of land, in four widely 
separated plots, devoted to any one test, secures a much greater de- 
gree of accuracy than the same area of land in one body. Olmstead * 
states that the replication of plots is a great satisfaction both to 
the experimenter and the readers of the literature, since it enables 
both to determine whether the results show any valid conclusions 
by giving them a means to estimate the precision of the work. 

Whitney ® states, “It is obvious that if the range of the yields 
of the different fertilizer plots among themselves is no greater than 
the range of the yields of the check plots among themselves, the 
relative effect of the different fertilizers would have no practical sig- 
nificance. Very rarely are there duplicates of any fertilizer treat- 
ment, and this is a weakness of the system. There are admittedly 
wide variations in the yield of check plots, and to determine the real 
yield under fertilization, it is just as important to have eight or ten 
duplicate fertilizer plots as it is to have that number of duplicate 
check plots.” 

1 Standardization of Field Experimental Methods in Agronomy. Proc. Am. Soc. Agron., 
2, 72 (1910). 

2 Experimental Error of Field Trials. Jour, Agr. Sci., 4, pt. 2, 107-127 (1911). 

3 Experiments to Estimate Errors. Proc. Am. Soc. Agron., 8, 114 (1911). 

4Some Applications of the Method of Least Squares to Agricultural Experiments. Jour. 


Am. Soc. Agron., 6, 202 (1914). 
6 Unpublished work. 
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DURATION OF EXPERIMENTS. 


Because of the numerous conditions just discussed, some of which 
are beyond control and some of which vary in spite of the exercise 
of the greatest care, it is obviously unwise to draw conclusions from 
field experiments which have been conducted for a short time only. 
Climatic conditions vary so greatly from year to year that in order 
to gain an accurate knowledge of the value of a fertilizer material 
the same crop should be grown several times on the same land. 
Where proper systems of rotation are practiced it takes from 6 to 
20 years to accomplish this end. In studying 'the effect of the less 
soluble fertilizers, time plays a very important part. Not only does 
the material often become more soluble, but it becomes more thor- 
oughly distributed in the soil from year to year, and hence is more 
readily available to the root systems of crops. 


RESULTS OF EXPERIMENTS. 
ALABAMA. 


No field experiments with raw rock phosphate continuing beyond 
three years have been conducted by the Alabama station. Two series 
of cooperative one-year experiments, however, were carried on, one in 
1891,1 consisting of 25, and the other in 1892,” consisting of 35 experi- 
ments. In these experiments equal amounts of acid phosphate and raw 
rock phosphate were compared but they were applied at a rate (240 
to 800 pounds per acre) considerably below that at which the latter 
should prove effective. In these experiments the average yields of 
the acid phosphate plots were appreciably greater than those of the 
raw rock plots, though the latter showed caueldetable gains over 
the average of the checks. 

A field experiment conducted for three years was reported by the 
Alabama station in 1913.8 The general scheme and results of this 
experiment were in accord with those just mentioned, but the yield 
of the raw rock plot the third year was almost identical with that 
of the acid phosphate plot. 


CONNECTICUT. 


The work of the Connecticut station with raw ground rock phos- 
phate has been very limited, none of the experiments having been 
conducted sufficiently long to warrant repetition in detail. An ex- 
periment began in 1887 * and continued for three years® on the same 


1Ala. Agr. Expt. Sta., Bul. No. 23 (1891). 

2 Ala. Agr. Expt. Sta., Bul. No. 34 (1892). 

8 Ala. Agr. Expt. Sta., Bul.. No. 173, p. 139 (1913). 

Conn. Agr. Expt. Sta,, Ann. Rept. for 1888, pp. 110-117 (1889), 
® Conn. Agr. Expt. Sta., Ann. Rept. for 1889 (1890). 
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field was conducted for the purpose of comparing the effects of 
various phosphates on Indian corn. 

The plots were treated with liberal applications of potash and 
nitrogen in readily available form and the various phosphates were 
applied in quantities representing (at that time) equal money values. 
During the second and third years of the experiment no further 
additions of phosphates were made, in order that their residual 
effects might be studied, but the applications of potash and nitrogen 
carriers were made each year. During the first year of the experi- 
ment the plot treated with acid phosphate showed to considerably 
greater advantage than those receiving raw ground South Carolina 
rock (560 pounds per acre), but in the second and third years (with 
no further additions of phosphates) the production of the. acid- 
phosphate plot fell off, while that of the raw-rock plot increased to 
such an extent that it surpassed the yield obtained from the acid- 
phosphate plot during the first year of its application. 

The results of 17 other short-time experiments, 15 of which were 
continued for only one year, were reported by the Connecticut sta- 
tion’ between the years 1888 and 1895, but while most of these 
showed indications of beneficial results from the use of raw rock 
phosphate, the data given are too meager to warrant serious con- 
sideration. 

While the results of the field work with raw rock phosphate so far 
presented by the Connecticut Experiment Station must be regarded 
as only indications at best, they are nevertheless favorable to the 
use of raw rock phosphate. 


DELAWARE. 


The only experiment with natural phosphates yet reported by the 
Delaware station was a pot test conducted by W. H. Bishop? in 1893 
in which a study was made of the effects of various phosphates (in 
combination with potash and nitrogen carriers) on the yields of 
soy beans planted in three different types of soil. 

Although the soluble phosphates led all the others, the short dura- 
tion of this experiment (one year), the light applications of the rela- 
tively insoluble phosphates—applications which would add less than 
0.007 per cent of P,O, to a soil of medium texture—and the wide 
divergence in the yields of some of the check pots make these results 
hardly worthy of repetition. 

a 1Conn. Agr. Expt. Sta., 14th Ann. Rept., pp. 203-219 (1890); 19th Ann. Rept., pp. 


122-127 (1895). 
2Del. Agr. Expt. Sta., 6th Ann. Rept., pp. 198-202 (1893). 
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FLORIDA AND GEORGIA. 


The Florida and Georgia State Experiment Stations have con- 
ducted no field experiments with ground raw rock? eontinuing be- 
yond one year. 

Because of the limited data given and the short duration of these 
experiments, their repetition is not justified. 


ILLINOIS. 


The Illinois Experiment Station recommends the use of ground 
raw rock phosphate as a fertilizer more strongly than any other sta- 
tion; in fact it is the only station which now advises the use of this 
material for general farming above any other phosphate carrier. 

Hopkins first advocated the use of raw rock phosphate in 1903, 
basing his recommendations on the work of the Ohio and Maryland 
stations. In most of the early published work of the Illinois station 
steamed bone meal was the phosphate carrier used,’ though it is 
stated that on certain plots raw rock phosphate was substituted for 
the former. What plots these were, however, is not made clear. 

In the summer of 1905 ¢ the results of some pot culture experiments 
conducted in order to compare the relative fertilizer values of raw 
rock phosphate and steamed bone meal were published. 

The soil used was the gray silt loam of the Lower Illinois glacia- 
tion and wheat was the crop employed in the test. The pots were 
104 inches in diameter, but their height and cubic capacity are not 
given. The author states that equal money values of the two phos- 
phates were employed in this test, that is, three times as much raw 
rock phosphate was added as bone meal. While the actual rate of 
application per pot and per acre are not given, it is presumed that 
the rate was the same as for the field experiments, viz, 200 pounds 
steamed bone meal per acre per annum and 600 pounds of raw rock 
phosphate. In certain pots the phosphate was turned under with a 
good growth of clover, in others with manure, and in still others with 
both clover and manure. The results of this comparative test are 
given in Table VIII, the yields being expressed both in grams per 
pot and bushels per acre. 

1Wla. Agr. Expt. Sta., Bul. No. 3, pp. 3-6'(1888); Bul. No. 10, pp. 21-27 (1890) ; 
Bul. No. 13, pp. 9-15 (1891); Bul. No. 82, p. 397 (1905) ; Press Bulletin No. 77 (1908). 

Ga. Agr. Expt. Sta., Bul. No. 2, pp. 35-37 (1889); Bul. No. 25 (1894); Bul. No. 26 
(1894) ; Bul. No. 27 (1894). 

2Tll. Agr. Expt. Sta., Circular No. 68, April, 1903. 

$Til. Agr. Expt. Sta., Bul. No. 99, March, 1905; Circular No. 96, July, 1905; Circular 


No. 97 (1905) ; Bul. No. 115 (1907). 
¢Jll, Agr. Expt. Sta., Circular No. 97 (1905), 
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Taste VIII.—Yields of wheat obtained in pot experiment to test the relative 
values of raw rock and steamed bone meal. 


« 


Wheat yields. Increase. 
Treatment. 
Per pot. Per acre. | Per acre. 


Grams. Bushels. Bushels. 


INONCaeeeeseccas sess cic 10.0 DA Py aR ar eeie 
Oloverns23---- coos e = 16.3 43 16 
Bone meal.......---.- “ 14.7 39 12 
Rock phosphate .-..... 14.2 38 11 
Clover, bone meal Zoe, 59 32 
@lover, rock phosphate: <<. 22-2... =e) ee a enw ee enieen a= 23.3 62 35 
IMGTAT Osos oe Seo ciclt ean « on wwnle wniwin ie oo eese wine nin ie serie a a nnn e esas 16.5 44 17 
Clover, manure. _-----.- 2.2.6.2 2- 2-03-28 en = on enen ee D2e1h 60 33 
Mamie sbOne meal 26 oS ooo coe ce ewicie we wie wmf ae iaiain =~ nininin = aininm = 19. 4 52 25 
Manure, rock phosphate --.......-.------------------------++--+------ 19.5 52 25 
Clover, manure, bone meal ----...........-------------------------- 23.1 62 35 
Clover, manure, rock phosphate -.-............--------------------- 7853} 62 35 
PEN oe coos tendsecaarcecondeeeotadecscoucoasseesoeeeodsepeesoruscas 11.3 30 3 
(GUIMOR, (WOES. = Se She cocoa eoneesadodsoocespeude cosconssegesaccccns 18. 4 49 22 
orash OOM CUM eal se aces araiaicle alarm olel= vielen el ala = felata pe ininl= mim allot =i) 18.4 49 22 
Potash, rock phosphate..-.-..-.---..--.-------<-----<-----5-------- 18.2 49 22 
Clover, potash, bone meal-.----.-....-------.---------------+-------- 21.9 58 31 
Clover, potash, rock phosphate..-......-...-..--.-.---------------- 21.9 58 31 
. Manure, potash oa aoe en en enn cence rene nen n ene c een en nn snnserenecerne= 18.1 48 21 
Clover, manure, potash...........--------------+----+-2---s-2----- 19.1 51 24 
Manure, potash, bone meal .-..........---------------------see----- 19.3 51 24 
Manure, potash, Hecke» ENV MVD coesdenosseccoc=cod-cdeouabechacmee 19.0 51 24 
Clover, manure, potash, bone meal.--.........-..-.-+-------------- 25.3 67 40 
Clover, manure, potash, rock phosphate..............-...---.-..--- 2543 67 40 
NIGH Operetta cinis oie icia os nlainlalain(eia inlel= = (o\ml~ = mimniniminin intel a[eieiemieleinieinie)ne/=)= 10.6 Duis kone Seen 


The beneficial effects of phosphate in this particular experiment 
are quite marked, even though the test was of comparatively short 
duration. The results obtained seem to indicate that raw rock phos- 
phate (an equal money value) may be substituted for bone meal, 
particularly if the phosphate is applied with manure or turned under 
with a leguminous crop. In practically every instance the raw-rock 
pots equaled or surpassed the bone-meal pots with which they were 
directly comparable. 

A number of papers by Hopkins* on the use of raw rock phosphate 
as a fertilizer appeared in 1908 and 1909, but the field work of the 
Illinois Station described in several of them is given more fully in 
subsequent publications. One of these circulars? is a reply to a 
pamphlet issued by the National Fertilizer Association advising 
against the use of raw rock phosphates. This circular shows that 
the quotations in this pamphlet from the Experiment Station bul- 
letins are very incomplete and the conclusions drawn are unjustified. 

In 1910, 1911, and 1912 the Illinois station issued several publica- 
tions* on raw rock phosphates, but only one is quoted here, since the 
limited duration of the field work or the meager data given in the 
others hardly justify repetition. 


17jl. Agr. Expt. Sta., Circular No. 116; Buls. Nos. 123 and 125 (1908) ; Circulars Nos. 
127 and 130 (1909). 

2 Circular No. 127 (1909). i 

Lloyd and Brooks, Bul. No. 144 (1910) ; Hopkins, C. G., Circular No. 141 (1910); 
Hopkins and Mann, Circular No. 149 (1911); Lloyd, Bul. No, 155 (1912), 
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In the early part of 1911 the Illinois station issued a circular by 
Hopkins and Mann.?' In the first part Mann gives some results 
obtained with raw ground rock phosphates on his farm, the sub- 
divisions of which were fairly well-drained fields of 85 acres each. 
Prior to the experiment a 4-year rotation of corn, corn, oats, and 
clover had been conducted on most of the fields for 30 years. It is 
not stated if the fields had received applications of lime or other 
fertilizers. Raw rock phosphate was applied at the rate of 1,000 
pounds per acre every four years to the clover just before it was 
plowed under for the succeeding corn crop. The soil of this farm 
is largely the brown silt loam of the Early Wisconsin glaciation, 
commonly called the black prairie land of the corn belt. 

The average results of five years’ work are given below in Table IX. 


TABLE 1X.—Five-year average yields per acre of corn, oats, and clover with and 
without the use of phosphate. 


Yield per acre. 


Treatment. Rotation. 
Corn. Oats. Clover. 
Bushels. | Bushels. Tons. 
No force Seca Pee cre alalceeistestelaisise 2-year, corn and oats-...........-... 34 We (Ob le ve Reais 
Pp eee emmy lS PE yey 4-year, corn, corn, oats, and clover... 54 47 1.5 
Bhesanate rock, 1,000 pounds every |..-..- Clos Sododhoenaondeadosbodcoasende 70 70 2.5 


4 years. 


The results given in Table IX indicate strongly that medium appli- 
cations of raw rock phosphate were very effective on this particular 
soil and farm. No field or plots were employed in this experiment, 
however, on which acid phosphate was applied, so a comparison of 
the relative merits of the two forms of phosphoric acid is not possible. 

In this same circular Hopkins reviews the field work of the Illinois 
Experiment Station, but gives no detailed results obtained from the 
use of raw rock phosphate. 

The results of seven years’ work with raw rock phosphate on he 
Auburn experiment field, Sangamon County, were published by Hop- 
kins, Mosier, Pettit, and Readhumer? in 1911. 

A field of 10 acres located on a typical Middle Iilnoisan brown 
silt loam was selected for this experiment. The previous history of 
the land, however, is not given, nor are any data presented showing 
the uniformity of the field. ‘Two series of plots were employed, each 
series containing eight plots, four of which received raw rock phos- 
phate and four no phosphate. A four-year rotation of corn, corn, 
oats, and clover was followed, corn being represented every year and 
oats and clover in alternate years. 


17ll. Agr. Expt. Sta., Circular No. 149 (1911). 
2Tll. Agr. Expt. Sta., Soil Rept. No. 4, pp. 7-9 (1912). 
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While it is stated that raw rock phosphate was applied at the rate 
of 1 ton per acre at the beginning of the experiment, it is not clear 
if there were any subsequent applications during the remaining six — 
years of the experiment. No other commercial fertilizers were em- 
ployed in this test; therefore the data allows no comparison of the 
relative values of the different phosphates. 

All of the®plots of this experiment field, with the exception of two, 
received applications of organic matter either in the form of crop 
residues or aS farm manure. 

In Table X the results obtained on eight plots of each series are 
given.. 


TABLE X.—Average yields per acre from two series of plots, Auburn field 
(1905-1911). 


Corn, 7 Oats, 3 Clover, 2 
Treatment. crops. crops. crops. 
Bushels: Bushels. Tons. 
US WenOCKIDMOSPMalCasdemiccstsislscleiscieicins\siesieisiae siete vieisiainise sinte/aleicle e cieiel= 51.9 45.3 2.16 
Ce ae ee ete ota cat aialalataie nile lsiniaiaia siaiclarsielsioietnisiaisiststcicie/ateminilerale tats 46. 2 38. 2 1. 66 
AW ETALCLAIM (ON LAW LOCK. cccce cca nisecciccuice saicsivekatcicce cn 5.0) (oil 0. 50 


In commenting on this experiment Hopkins and his coworkers 
state that “on the whole, the data from favorable seasons strongly 
indicate a cumulative or increasing effect from the phosphate treat- 
ment, as we have reason to expect and as is shown in the latest crops 
of corn, oats, and clover, the increase amounting to about 25 per 
cent for oats, 34 per cent for corn, and 48 per cent for clover.” 

Hopkins?* also published a paper in 1912 entitled “Shall We Use 
Complete Commercial Fertilizers in the Corn Belt?” in which he 
quotes the work of the Indiana and Ohio Experiment Stations with 
a view to showing that complete mixed fertilizers are inferior and 
much more expensive than the simple phosphate carriers, and that 
raw ground rock is the most economic form of phosphoric acid. No 
data from the Illinois Experiment Station farms are contained in 
this circular. 

In 1913 Hopkins? published a paper entitled “ Bread from Stones,” 
which consists of a description of an impoverished farm in southern 
Illinois which the author has made productive by the so-called Ili- 
nois system of permanent fertility. The particular tract considered 
in this paper is a 40-acre field which had been agriculturally aban- 
doned for five years prior to the experiment. During the 10 years 


111. Agr. Expt. Sta., Circular No. 165 (1912). 
2Tll. Agr. Expt. Sta., Circular No. 168 (1913). 
56841°—Bull. 699—18—_-3 
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prior to 1913, in which year the results reported were obtained, the 
field was cropped with a 6-year rotation, including 1 year each of 
corn, oats (or cowpeas), and wheat, and 3 years of meadow and 
pasture with clover and timothy. 

The figures obtained seem very favorable to the use of heavy appli- 
cations (2 tons) of raw rock phosphate, but they are the yields of 
only one year. A comparison of the yields obtained therefore with 
and without the addition of raw rock phosphate is probably justified, 
although the land treated with phosphate rock received twice as 
much limestone as the plot on which no phosphate was applied. It 
is possible that the additional amount of lime which this tract received 
had considerable influence on the large increase in yield. 

In the fall of 1913 Hopkins, Mosier, Pettit, and Fisher! reported 
in detail nine-year results of an experiment begun at Galesburg, IIL, 
in 1904. The soil of this experiment field is the brown silt loam 
prairie soil of the Upper Illinois glaciation. The field was divided 
into three series of plots, each series containing 20 plots of one-fifth 
acre each. A six-year rotation was followed. ‘The previous history 
of the experiment field is not given. 

At the beginning of the experiment limestone was applied to the 
first 15 plots of each series at the rate of 1,300 pounds per acre, and 
again to tke same plots in either 1912 or 1913 at the rate of 4 tons per 
acre. In 1904 the first applications of raw ground rock phosphate 
were made, but the regular plan of this experiment which was to 
apply 14 tons per acre of raw ground phosphate rock every six years 
before plowing for corn was not fully underway on all series of 
plots until 1906. One hundred pounds of potassium sulphate per 
acre was applied annually. 

It was planned to study the use of phosphate rock, both in grain 
farming and live-stock farming. In the grain-farming system crop 
residues are returned to the various plots in proportion to the pro- 
duction of each and in the live-stock system all produce (or its equiva- 
lent) is used for feed and bedding and the manure returned to the 
plots in proportion to their yields during the preceding rotation. 
In this particular experiment, however, these two systems were not 
in operation on all series until 1911 and 1912. The average yields 
of the various crops during the nine years of the experiment are given 


in Table XI. 
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TABLE XI.—Average of results of nine years’ work on three series of plots at 
Galesburg, Ill.—Siz-year rotation employed, consisting of corn, corn, oats, 
wheat. clover, and tunothy. 


Average yield per acre. 


Treatment. 
Corn, Oats, Wheat, | Clover, |Timothy, 
9 years. | 5years. | 5years. | 4years. | 4 years. 
Bushels. | Bushels. | Bushels Tons Tons. 
SIH CPP EO ek ease URL Ss etsc lk Ge sccaseaccoe 65. 66 48. 24 27.98 1.75 1.81 
esIGHES IMCs acc nbs e eee oe tee betee leacs stccconseee 70. 16 47.08 31.16 1.63 21,43 
IEEE TNT ORB Ser SOS SERC CTO ECE CRORE EE ncs 77. 21 48. 34 29. 54 2.19 1.90 
Covyenerop manne, Mimer. 305 oo an oon anima nec 76. 68 50. 20 31.06 1.90 1.96 
TEI) 5-5 Sa eS a Or A Se te 71. 64 49. 50 - 30. 66 2.03 1.96 
Lime, phosphate rock. .....--.- 78.57 54. 64 34. 66 2.40 2.18 
Residues, lime, phosphate rock - 79.68| 50.76] 35.22 1,90 21.50 
Manure, lime, phosphate rock.._.....-.- 81.38 56. 80 33. 30 2.41 2.11 
Cover crop, manure, lime, phosphate rock. a 82.93 53. 56 35. 32 2.31 2.27 
Lime....... Bay Gly Met ear 2k 2 wee peyel le ic HS 73. 01 47. 28 28. 92 1. 81 2.05 
Lime, phosphate rock, potash. ...-.-- ty 80. 89 53. 48 34. 46 2B 2. 58 
Residues, lime, phosphate rock, potash - ae 81. 68 GPR? 34.74 11,40 21.87 
Manure, lime, phosphate rock, potash. ....-...--.-.- 81. 37 56. 36 32. 46 2.77 2. 20 
Cover crop, manure, lime, phosphate rock, potash--. 83. 94 55. 50 33. 96 2.73 2. 26 
LUTTE oo Se RS a ee A eee ee ed gs a 74. 23 49.60 27.90 1. 82 2.10 
LEST OMOS eee). ciate cise nein dae setiemrseiaieinicinicalneoeiseeiee PREY 49.42 28. 82 1,82 21.67 
Residues; phosphate TOCKs 21 2. < esse ccnemecoseoee 76. 21 51. 62 33.78 1,85 21.80 
Residues, phosphate rock, potash.....-......--.----- 78.38 48. 44 36. 46 11,51 22.33 
Residues, lime, nitrogen, phosphate rock, potash-.... 81.59 56. 18 35.95 11,21 22.83 
BNO FIO meee Stee es che miata cine ajerkiciela caites siseie cose ewleee 70. 82 51. 98 29. 04 1.55 2.08 
1 One crop only. 2 Average of three crops. 


While the results given in Table XI are favorable to the‘use of 
raw rock phosphate they are not tabulated in a manner which brings 
out the true effect of this material. Manure was applied only after 
the experiment had been under way for four years, and the residue 
(or grain farming) system also was not fully in operation for some 
years. The average yields of the plots on which “manure” and 
“residues” were apparently applied therefore include the results 
of years in which no organic matter was used. 

For more detailed figures on this experiment the reader is referred 
to Soil Report No. 7. 

Later this year (1913) the same authors? published the results 
obtained with raw rock phosphate in two complete rotations (nine 
years) on the Fairfield experiment field, Wayne County, Ill. The 
soil of this experiment field is the common upland type of southern 
Mhinois, consisting of a gray silt loam on dense clay. The history of 
the field is not given. 

The experiment field was divided into four tracts of 10 acres each, 
“one half of the field, or 20 acres, is tile drained while the other half 
has only the ordinary surface drainage. On both the tiled and un- 
tiled land grain farming is practiced on one half and live-stock farm- 
ing on the other half. A part of each of these divisions is treated 
with 2 tons of limestone and 1 ton of ground phosphate rock per acre 
every four years.” No other commercial fertilizers were used. A 
four-year rotation was practiced on this field, consisting of corn, 
soy beans, wheat, and clover, each crop being grown every year on 
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one of the four tracts. The average results obtained in nine years 
for each crop on the tiled and untiled land are given in Table XIT, 
which is compiled from four tables given in Soil Report No. 8 of the 
Illinois station. 
TABLE XII.—Average yields of corn, soy beans, wheat, and clover obtained on 


four series of plots at Fairfield, Ill., in an experiment conducted for nine 
years (1905-1918, inclusive). 


Average yield per acre. 


Treatment. Soy 

Corn, nese Wheat, | Clover, Oats, | Cowpeas, 

8 years. 6 years 7 years. | 6 years. | lyear. | 4 years. 

eke Bushels. | Bushels. | Bushels. Busha, Bushels. 
Residues, lime, phosphate rock...........- 36. 5: 8. 23 13.79 0. 67 6. 08 
Cropresidessé ts. ceases soak bcemeees see 28. 20 6. 28 4.17 45 7, 3 5.10 

Tons. 
MATIN Ma aN Ure seme seen a= ola nerelniateis cel 35. 54 6. 02 5. 21 0. 57 S289 5. 68 
Manure, lime, phosphate rock...........-- 46.91 9.09 18. 03 1.61 38.7 7.53 
Bushels. 
Organic manures, lime, phosphate rock. . . 41. 86 8. 67 15.90 |, 0. 82 37.2 6. 80 
Oreanmicimanureshe eae eee eee eee 32. 21 6. 16 4.69 - 48 30. 2 5. 40 
Increase due to lime and phosphate 

EOC Kerratere eases ene esc eeneee 9. 65 2.51 11. 21 34 7.0 1.75 


The authors state that the first four years of this experiment should 
be regarded as preliminary, partly because of the impossibility of 
obtaining full benefit from such treatments during the first rotation 
period, and also because the system of returning manure and crop 
residues in proportion to the yields produced was not begun until the 
first rotation was completed. But even taking the average yields of 
the various crops during both the first and second: rotations, it will 
be seen that the plots treated with large amounts of raw-rock phos- 
phate in connection with lime and organic manures produced consid- 
erably larger crops than those receiving no phosphate. The effect 
of the phosphate, however, was apparently more marked during the 
second rotation period, as can be seen by referring to the more de- 
tailed figures given in Soil Report No. 8 of the Illinois station. 

Two experiments with raw-rock phosphate conducted over a period 
of five years were reported by Hopkins’ in 1915. 

One field at Ewing, Franklin County, consists of a gray silt loam 
on compact clay (prairie soil), the other at Raleigh, Saline County, 
is situated on a yellow-gray silt loam of the common upland timber 
type. The previous history of the fields is not given, however, nor are 
any data-presented showing the uniformity of the fields or the size 
of the plots into which they were divided. Each field contained 4 
series of 10 plots each, and since a four-year rotation of wheat, a 
legume, oats, and corn was followed, each crop was grown every year. 
Both live-stock and grain systems of farming were practiced on each 
farm. 


1Jll. Agr. Expt. Sta., Circular No 181 (1915), 
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At'the beginning of these experiments limestone was applied on the 
plots indicated at the rate of 5 tons per acre at Ewing and 6 tons 
per acre at Raleigh; no further applications were made during the > 
first five years of the experiment. Rock phosphate (finely ground) 
was applied at the rate of from 500 to 2,000 pounds per acre on the 
different series and kainit at rates varying from 200 to 800 pounds per 
acre, with subsequent applications every four years. It is not stated, 
however, which plots received the maximum and which the minimum 
amounts of these materials. 

The average yield of each crop during the five years of the experi- 
ment is given below in Tables XIII and XIV. 

Taste XIIIl.—Average results of five years’ work on four series of plots at 


Ewing, Franklin County—Four-year rotation, consisting of wheat, cowpeas (or 
other legume), oats, and corn. 


Average yield per acre. - 


' Treatment. 
Wheat, | Cowpeas,| Clover, eee Oats, Corn, 
5 years. | 3 years. | 1 year. 1 year. 5 years. | 5 years. 
Bushels Tons. Ton. Ton. | Bushels. | Bushels. 
Inert SE a Ree a AS ee cee eee 5.1 0. 63 0. 20 0. 27 14.3 16.4 
INGTNIT Sap SCONE UAE CCE ESSE eee 6.7 -52 24 - 23 19.8 23.3 
Lic iets veo) lita: eae eee ee Bee ee ete See 12.0 . 88 -40 -47 23.0 28.9 
Manure, lime, phosphate rock.........--.- 13.7 - 98 -81 -53 25.0 30.3 
Bushels 
INGNGUS LEA BNC AeA CE Oe RO ne EEE ee oe ae eae 4.3 11.46 19 2.0 14.6 18.0 
Bushels. | Bushels. 
TRGSIT GS coc GORGE OCR O CEE. DEE EE ECE CEEE eee 4.1 1.2 -00 2.3 16.4 18.7 
VESId Wem seat eee ese Lets Re 12. 4 2.4 -50 4.0 25.4 29.7 
Residues, lime, phosphate rock.......--..- 14.0 3.2 1.08 4.0 24.0 28.4 
Residues, lime, phosphate rock, potash... 20.7 4.0 75 4.2 27.2 31.7 
Ton. 
IN DH OM eee e eit s ccteceececeus=clcsvecces 5.7 1.3 0.31 2.0 16.9 20.0 


1 One year only. 


Taste XIV.—Average results of five years’ work on four series of plots at 
Raleigh, Saline County—Four-year rotation, consisting of wheat, cowpeas (or 
other legume), oats, and corn. 


Average yield per acre. 


Treatment. So 
, Wheat, | Cowpeas,! Clover, | 6.5. Oats, Corn, 
5 years. | 2 years. | 2 years. ly aad 5 years. | 5 years. 
Bushels. Tons. Ton. Ton. | Bushels. | Bushels. 
OH ONeaee ete coe coececsodstconclivessclece 8.6 2.3 0. 33 0. 28 11.7 17.2 
IMBNBEOR Sues pases oo kb stood See sceeweleseces 7.4 1.8 -33 -30 11.7 24.3 
IGS T (pie LTT OSS se ee men Oc = 16.5 4.2 .67 - 26 19.9 34.9 
Manure, lime, phosphate rock.....-....... 17.8 3.9 - 68 - 23 19.0 33.8 
Bushels. 
NOHO ea coe sas aathcae ces 6.9 LEY 1.23 ats 10.2 16.6 
1 (SG IT ee ee 8.4 | Turned. | Turned WE 12.8 pL TI 
Wesidwes limieos (koe ees (lee sees 18.6 | Turned. | Turned 2.5 19:7 31.3 
Residues, lime, phosphate rock 20.7 | Turned. | Turned 2.7 20.0 33.0 
Residues, lime, phosphate rock, potash.... 21.9 | Turned. | Turned 1.3 21.1 34.3 
INOH GS en ire se soe reek est Soas Sees eee 7.4 11.1 (2) U 12.7 16.4 


1 One year only. 3No weight. 
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The average yields of the various crops as given in Tables XIII 
and XIV show little or no benefit from the application of phosphate 
rock, and where the plots so treated do show an average increase 
for certain crops this increase is practically no greater than the 
difference between the yields of the check plots. In an experiment 
of comparatively short duration, however, it is hardly fair to the 
difficultly soluble material (such as raw rock phosphate) to average 
the results as has been done in the above tables, since the figures so 
obtained give no idea of the cumulative effect of the phosphate treat- 
ments. As a matter of fact in these experiments the average finan- 
cial returns from the raw-rock plots during the last two years 
were over twice as great as in the first three years, seeming to indicate 
that increasing amounts of organic matter and more thorough dis- 
tribution of the phosphate were having an important influence in 
rendering the latter more effective in the soil. The author also points 
out the facts that the wheat crop in 1912 was a failure throughout the 
State and that the droughts in 1913 and 1914 were probably more 
severe than ever known in two consecutive years in the southern part 
of the State. 

In January, 1916, Hopkins, Mosier, Van Alstine, and Garrett? 
reported the results of a number of experiments with raw rock phos- 
phate which included 11 years’ work on the Rockford field and 4 
years’ work on the Mount Morris field. Raw rock phosphate was the 
only phosphate fertilizer used in these experiments except what was 
contained in the manure and crop residues returned to the land. 

The Rockford experiment field is located about 3 miles from the 
city of that name in Winnebago County, Ill. The soil of the field is 
described by the authors as a brown silt loam of the Iowan glaciation. 
No data are presented showing the relative fertility of the various 
plots nor is any previous history of the field given in this report. 
The field, however, was divided into four tracts, which were further 
subdivided into 20 plots of one-tenth acre each. A four-year rota- 
tion consisting of corn, corn, oats, and clover (with soy beans substi- 
tuted in case of failure of the latter) was begun in 1904, each crop 
being grown every year on one of the four series of plots. It was 
planned to practice both grain and live-stock farming systems on 
this field, but neither system was fully under way until the later 
years of the experiment. In 1905, however, a legume cover crop 
was turned under on the plots indicated in three of the series and in 
1908 a second growth of clover was turned under on the fourth series 
for the 1909 crop. Manure was applied on the plots indicated once 
at the rate of 4 tons per acre. Since 1909 it has been applied accord- 
ing to the live-stock farming system already described. Ground ~ 
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limestone was applied to plots 1 to 15 at the rate of 1,300 pounds per 
acre in 1906 and again in 19138 to the same plots at the rate of 4 tons 
per acre. Raw rock phosphate was applied to the plots indicated 
at the rate of-1 ton per acre every four years and potash in the form 
of potassium sulphate was applied at the rate of 400 pounds per acre 
every four years.* 

The average results of 11 years with four crops is given in 
Table XV. 


TABLE XV.—Average resulis of 11 years’ work on four fields at Rockford, 
Iil.—Four-year rotation, consisting of corn, corn, oats, and clover. 


‘ Average yield per acre. 
Treatment. Soy 
Corn, Oats, Clover, nea Timothy, 
11 years. | 11 years. | 7 years. 3 years lyear 
Bushels. | Bushels. Tons. | Bushels. Tons. 

TE IREGO” jon 52 MEPs ete telage le Me a a ES 54. 64 57.98 1. 83 9.65 1.65 
FEVESIC TGS min OMeme Mn as sete Ewe ode See 60. 75 61.18 11.22 10. 67 1.66 
ILE VERBET GE TOTTCIG) eee ese Nae RU BS SR AE oe ee 2 68. 84 60. 76 1.96 14. 89 1.65 
Covencropmmanure slime: -)a5cccc0so2s2.-5+escesnen 66. 65 59. 50 2.04 14. 66 1.59 
LATHE). ERC a Bead ae ee aE na Oe ll ae a bc ie 58. 83 54.90 1.91 10. 90 1.59 
Wimesphospnaterocky. oo se socce cease desonacmceenee 61.94 61.59 2.14 11. 94 1.44 
Residues lime, phosphate rock........----.- wae awene 66. 44 59. 85 11.96 14.19 1.52 
Manure, lime, phosphate rock.....-..--.----..+6ss.- ety 62.22 2.22 18. 64 1.47 
Cover crop, manure, lime, phosphate rock. .---.--..- 69. 69 61. 86 2. 26 19. 69 1.45 
IE TTITe ee ee ee ee ice wocebescesed Bese 57. 03 57.18 1. 84 16. 78 1.47 
L Mhosphaterock, potashs: ss. 2. 69. 73 60. 86 2.36 13. 02 1.57 
Residues, lime, potash, phosphate reck.........-.--- 69. 82 61. 72 12.00 13.48 1.53 
Manure, lime, potash, phosphate rock.......-..-.--- 71.75 | 59.73 2.38] 18.44 1.43 
Cover crop, manure, lime, potash, phosphate rock... 71.80 62.89 2.45 22.30 1.41 
Winiee-empevrosine. st rinn Piet GW PL ek eee 60. 19 56. 30 1. 85 11.13 1.62 
IR GSH NES « USCS AN Ue ISR A a ee a TCG 64. 40 60. 16 11.94 13. 10 1.65 
Residues phosphaterock: i272 il! rags) oe 67.30 61. 70 11.98 12.63 1.62 
Residues, phosphate rock, potash.....-...---------.- 69. 51 63. 78 11.94 12.01 1.45 
Residues, lime, nitrogen, potash, phosphate rock.... enee 68. 82 12.08 13. 16 2.46 
ING TICE Mee eee ae oa c ae nese sci seine cce asacusecse 54.72 58. 83 1. 89 10. 34 1.40 


1A verage of three years only. 


Just as in the case of several other experiments the results as re- 
ported here fail to show the cumulative effect of the phosphate treat- 
ments; but even taking the average yield of each crop for the entire 
period the plots on which raw rock phosphate was applied show on 
the whole considerably better yields than those receiving similar 
treatments, but no phosphate. By referring to the original tables in 
Soil Report No. 12 of the Illinois station, which gives the results of 
each year in detail, it will be seen that the plots receiving organic 
manures and raw rock phosphate were on the whole considerably 
more productive during the later than during the earlier years of the 
experiment, indicating very strongly that the effectiveness of the raw 
rock phosphate was increasing. 

The Mount Morris experiment field? is located in Ogle County on 
a brown silt loam prairie soil. Only the results of four years on one 


1 At the beginning of the experiment, however, potassium sulphate was not applied to 
each series in like quantity 
3Tll, Expt. Sta., Soil Rept. No. 12, pp. 18-20 (1916). 
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series of plots and the results of two years on another series have 
been thus far reported, so they are not repeated in detail. 

Two experiment fields have been established at Urbana? to test out 
the fertilizer value of raw rock phosphate in both grain and live- 
stock farming systems. One field is on what is known as the “ North 
Farm” and one on the “South Farm.” The soil of both fields is 
the typical brown silt loam prairie land of that region. 

The field on the North Farm was in three tracts, which after 20 years 
or more of pasturing had grown corn in 1895, 1896, and 1897 (when 
careful records were kept of the yields produced) and had then been 
cropped with clover and grass on one tract, oats on another, and oats, 
cowpeas, and corn on the third until 1901. The yields obtained in 
this preliminary period are not reported in Soil Report No. 12. It 
is probable, however, that the tracts were not at that time divided 
into plots, so the relative natural fertility of the 10 plots into which 
each series was divided for the subsequent experiment is not known. 

From 1902 up to the close of 1910 a three-year rotation of corn, 
oats, and hay was followed, and in 1911 two more series of plots 
were introduced and a four-year rotation of wheat, corn, oats, and 
clover (or soy beans) was followed on four series of plots for five 
years, while on the fifth series alfalfa was grown for five years. 

From 1902 to 1908, inclusive, phosphate was applied annually as 
steamed bone meal at the rate of 200 pounds per acre, but since 1908 
one-half of each phosphate plot has been treated with ground raw 
rock at the rate of 600 pounds per acre per annum—the practice 
being to add and plow under at one time enough for one complete 
rotation. Potash was applied at the annual rate of 100 pounds of 
potassium sulphate per acre. 

In the following table only the average results obtained since ie 
introduction of the phosphate-rock treatments (seven years) are 
given: 


2]ll. Agr. Expt. Sta., Soil Rept. No. 14, pp. 7-16, October (1916). 
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Taste XVI.—Three and five year average yields per acre of corn, oats, clover, 
wheat, soy beans, and alfalfa, obtained on North Farm, Urbana, Ill., 1908- 
1915, inclusive. 


Average yields per acre. 


1508-1910 1911-1915 
Treatment. ; 


Corn, | Oats, | Clover,} Wheat,| Corn, | Oats, Soy Clover,| Alfalfa, 


3 years. |3 years. |3 years. |5 years. |5 years.|5 years. ae 1 year. |5 years. 


Bush. | Bush. | Tons. | Bush. | Bush. | Bush. | Tons. | Tons. | Tons. 
INGEGA EES a sat ee ere 49.4 40.8 2.30 22D 53.9 46.3 1.60 2.50 2. 21 


CropresidueS 22.2.5 2.062. - 51.5 43.4 }1(1.93)} 23.5 56. 4 47.8 |! (21.3) | 1 (0.74) 1.85 
LGN 5 ee ar eee 69.3 46.2 2.53 24.8 63.6 54.6 1.68 2. 20 1.68 
Residues, lime.....:.....-..- 58.1 45.7 | 1 (2.02) 25.0 59. 2 49.7 |1 (20.7) | 1 (1.03) Ti, 
manure imer orn 8 22 ol. 74.9 47.5 2. 94 28.1 63.4 57.3 1.72 2.81 2. 25 
Residues, lime, phosphate 
rock, 600 pounds........... 83.8 54.5 | 1(2.64)| 39.1 66.0 64.3 |! (22.6) | 1 (2.48) 3. 28 
Manure, lime, phosphate 
rock, 600 pounds........... 86.6 55. 4 4.17 38.3 67.6 64.9 1.92 4.04 3.25 
Residues, lime, phosphate 
rock, potash. .............- 86.7 53.5 | 1(1.99)} 38.2 63.7 64.5 |1 (24.2) | 1 (1.41) 3. 22 
Manure, lime, phosphate 
rock, potash. .......22.-.-. 90.9 53.6 3.90 37.4 64.6 69.3 2.09 3.91 3.31 
Manure, lime, phosphate 
EOC ase 2 - ssc c aes sss 81.3 54.3 3.79 42.9 61.0 72.5 2.19} - 4524 3.45 


1 Bushels of seed. 


The plots receiving phosphate treatments in every instance gave 
substantially greater average yields than those on which no phos- 
phate was applied. These increases, however, can not be entirely 
attributed to raw rock phosphate, since the previous applications of 
steamed bone meal no doubt influenced considerably the crop yields. 
The results of one or more additional rotations should be obtained 
before it is wise to draw conclusions from this experiment. 

On the South Farm, at Urbana, a four-year rotation is practiced 
on two series of plots. Raw rock phosphate has been applied at the 
rate of 500 pounds per acre per annum and ground limestone at the 
rate of 8 tons per acre once in 1910 and 1911. Beginning in 1912 
the subsequent applications of limestone were at the rate of 2 tons 
per acre every four years. 

The average results of 12 years’ work on two series of plots on the 
South Farm are given below in Table XVII. 


TABLE XVII.—Average annual yields of crops grown in a four-year rotation on 
two series of plots on South Farm, Urbana, Ill., 1903-1915, inclusive. 


Average yield per acre. 


Treatment. 

Corn, Oats, Wheat, | Clover, | Soy beans, 

7 years. | 7 years. | 7 years. | 3 years. | 2 years. 
Bushels. | Bushels. | Bushels. | Bushels. Bushels. 
Residues, phosphate rock...........---0---2-------- 60.2} 40.6 40.4 0.71 15.2 
Residues; phosphate rock: =o. 052 jo 25 -csjec so eeeesee 59.1 39.5 38.7 1.15 14.9 
ENOSTCU CS itaram to Sic Sallis sa os Sv ajeinie'stosis Seieeaislersaete 50.6 35.9 nO) 1.30 13.0 

Tons. Tons. 

VERT Cosas 2 aes ee ae acc dascs sec Seeneaceneeses 54.6 36.6 28.7 2.72 1.0 
Manure: phosphate rock 252 3.222 2s. sccssencosscae 59.1 38.8 41.2 3.94 1.3 
Manure; phosphate rock. 222552 spss. scecssscessssa 60.9 38.8 42.0 3.99 1.4 
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TABLE XVII.— Average annual yields of crops grown in a four-year rotation on 
two series of plots on South Farm, Urbana, Ill., 1903-1915, inclusive—Contd. 


3 years. | 2 years. | 3 years. Re Ae 2 years 
f f Bushels. 

Residues, lime, phosphate rock 1...............2.--- 62.4 53.6 47.:93|\spoaast eae iB Ye 
Residues, lime, phosphate rock1............-------- 61.5 52.8 AGO liesnseosens 12.3 
Resid ies, bes Fhe siemens Bare aes 53.8 42.7 2856) | eeeareee 10.7 

Tons. 
IMPATIUIT ODI aye oon Be SE ee ee NA es 8 a Rea eT 58. 4 47.6 295 Siilisanee cease 0. 84 
Manure, lime, phosphate rock!.- =n 63.0 48.5 49.40/62 ee te ee ib i 
Manure, lime, phosphate rock!.............-.------ 63.2 50.2 AB Siin| tetesictec ae 1.34 


1 Plots on which lime was applied were not introduced into the experiment until 1910. 


The results of this experiment point very strongly to the conclu- 
sion that raw rock used in liberal amounts in connection with organic 
manures is effective in increasing crop yields. But like many other 
experiments no data are reported which allow one to determine the 
relative efficiency of raw rock and acid phosphate. 

In April 1916 Hopkins? reported the results of three long-time ex- 
periments at Cutler, Odin, and Mascoutah, in southern Illinois. 
These are the only experiments reported by Hopkins of Illinois work 
comparing the fertilizer value of steamed bone, acid phosphate, 
ground raw rock phosphate, and basic slag. Crop residues were re- 
turned tothe land and potash and hme applied. At Odin and Mas- 
coutah only half of each plot was limed. Fertilizers were applied 
once during each rotation in sufficient quantity to supply annually 
200 pounds bone, 333 pounds acid phosphate, 666 pounds raw rock, 
and 260 pounds slag (equal money values at that time). The results 
of the experiments are given below in Tables XVIII and XIX. 


TasLE XVIII.—Average yields of corn, oats, wheat, and hay in two long-time 


experiments. 
Odin field (1904-1915). Mascoutah field (1904-1913).2 
Treatment. 

¢ Corn, Oats, Hay, Corn, Oats, Wheat, 

3 crops. | {crops. | 6crops. | 4crops. | 2crops. | 2 crops. 

Bushels. | Bushels. Tons. | Bushels. | Bushels. | Bushels. 
Residues, lime, bone, potash.............- 33.9 47.8 1.30 45.4 38.6 26.3 
Residues, bone, potash. ...........-.--.--- 31.4 50.9 -94 48.6 42.6 25.9 
Residues lime; potash... -o- 2 s5-4-..5--cl 26.7 43.9 1.07 38.9 37.2 23.6 
Residues pOLashae ses nee ae nes aeicce Secor 27.6 43.9 - 64 39.7 27.3 22.6 
Residues, lime, acid phosphate, potash. --. 30.2 43.5 1.19 44.0 37.0 25.4 
Residues, acid phosphate, potash........-.. 29.9 52.8 shill 40.2 42.2 25.7 
Residues, lime, rock phosphate, potash-..-. 32.3 48.4 1. 28 47.2 38.9 26.7 
Residues, rock phosphate, potash.....-.-- 27.0 52.2 ah) 45.6 37.4 26.2 
Residues, lime, potash...¢..-..--.---.-.-- 27.3 48.1 1.12 38.4 40° Site bad 
IRiesidtles; pOtaSOe Seneca Sone soca 21.7 41.1 -61 38.6 31.0 20.7 
Residues, lime, basic slag, potash.......... SR 7) 55.8 1.27 45.6 43.0 26.5 
Residues, basic slag, potash...-..........- Dies 50.3 - 78 47.8 33.8 25.8 


1Tll. Agr. Expt. Sta. Circular No. 186, April, 1916. 
% Crops of legumes turned under in 1908 and 1911. 
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TABLE XIX.—Average yields of corn, wheat, legumes, and oats, Cutler field. 


Average yield per acre (1904-1915). 


Treatment. 


Corn, 4 Wheat, 3 | Legumes,i} Oats, 2 
cr 


crops. crops. op. crops. 


Residues, lime, bone, potash. ..........-..-2.--2-----0- 


2 RULES. EE BSS ea eee eet 38. 4 16.9 2.11 31.6 
LEER, OPES G5 an Se pe See See eee 36.9 16.3 1.80 25.5 
Residues, lime, acid phosphate, potash................. 36. 0 28.7 2. 52 28. 8 
Lime, acid phosphate, potash. ._.-..............2.-2+-- 37.1 26. 6 2. 40 31.8 
Residues, lime, phosphate rock, potash -..............- 42.2 25.8 Da5r . 24.6 
Lime, phosphate rock, potash..............---ceceecee 37.3 18.5 2.06 29.3 - 


In almost every instance plots treated with ground raw rock 
phosphate gave noticeable increases in yield over the check plots, 
and at Odin and Mascoutah showed to better advantage than the 
acid phosphate plots. At Cutler the acid phosphate plots appeared 
to greater advantage. However, none of the phosphate treatments 
gave very large increases, and, as Hopkins says, “ These investiga- 
tions have shown that phosphorus is not the factor which first limits 
the crop yields on these southern Illinois soils, both limestone and 
organic matter being of greater initial importance.” Owing to the 
adverse climatic conditions during the latter part of the experiment 
it is impossible to tell whether or not any cumulative effect can be 
attributed to the use of raw rock. i 

The data presented in the 12 field experiments with raw rock 
phosphate conducted by the Illinois station and considered here in 
detail point pretty strongly to the conclusion that this phosphate 
carrier increases crop yields very materially when applied liberally. 
Since raw rock was compared with other phosphates in only 3 
of the 12 experiments, and on fields where phosphoric acid appar- 
ently was not the limiting factor, the work hardly appears to justify 
a comparison of the relative merits of the different phosphate 
carriers. 


INDIANA. 


The first mention of the use of raw rock phosphate as a fertilizer 
made by the Indiana Experiment Station was in 1896, when phos- 
phatic marl containing from 10 to 12 per cent of phosphoric acid 
was tried on two series of wheat plots of one-twentieth acre each. 
The short duration of this experiment (one year), however, and the 
little data presented make the results relatively unimportant. 

Two experiments with raw rock phosphate were described by 
Goss? in 1907 and several others by Abbott and Conner? in 1912, 

1Ind. Agr. Expt. Sta., Bul. No. 61, p. 64 (1896). 


2Ind. Agr. Expt. Sta., Circular No. 10, pp. 9-11 (1907). 
3Ind. Agr. Expt. Sta., Bul. No. 155 (1912). 
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but none of these were conducted for a period of more than four 
years, so the results are not considered in detail. 

All the other experiments with raw rock phosphate conducted by 
the Indiana station are described and discussed by Wiancko and 
Conner?‘ in a recent bulletin entitled “Acid Phosphate versus Raw 
Rock Phosphate as Fertilizer.” 

Two of these experiments, one at Littles, in Pike County, and 
the other at Scottsburg, Scott County, were begun at the same time 
(1905), and are similar in every respect. There are three series of 
plots of one-twentieth acre each, and a three-year rotation of corn, 
wheat, and clover has been practiced, so that each crop could be 
grown on one series every year. “ When the clover failed cowpeas or 
soy beans were substituted. The land was plowed once in three years 
for corn, except when clover failed, when it was also plowed for 
soy beans or cowpeas. The wheat was drilled on disked corn stubble 
and the clover seeded on the wheat in the spring.” The various fer- 
tilizers were all applied to the wheat in the first round of the rotation, 
the treatment being as follows: Manure at the rate of 10 tons per 
acre, raw rock at the rate of 1 ton per acre, and acid phosphate drilled 
with the wheat at the rate of 130 pounds per acre. After the first 
rotation manure was again applied at the same rate on every corn 
crop and acid phosphate on every wheat crop. A second ton of 
raw rock phosphate was apphed for corn and cowpeas in 1911 and 
1912. Both fields were limed in 1911 at the rate of 2 tons of finely 
ground limestone per acre. While there were three check plots in 
each of the three series, the various fertilizer materials were repre- 
sented by only one sila: in each series. 

The field at Littles is nearly level with a slight slope running 
lengthwise of the plots. The soil is descrfbed as a yellowish brown 
silt loam of medium fertility. The phosphoric acid content as de- 
termined by analysis is 0.18 per cent. 

The Scottsburg field is almost level on one series, but rises grad- 
ually through the two other series of plots. The soil is Volusia silt 
loam and is considered of low fertility. The total phosphoric acid 
content as determined by analysis is less than 0.1 per cent. The 
average yields of the three crops on both fields during the 10 years 
of the experiment are given in Tables XX and XXI. 


1Ind. Agr. Expt. Sta., Bull. No. 187, vol. 18 pp. 1055-1082 (1916). 
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TABLE XX.—Average yields of corn, wheat, and legumes obtained in a 10-year 
experiment on three series of plots at Littles, Pike County, Ind. (1906- 
1915). 


Average yield per acre. 
Treatment. Corn, 8 crops. ‘Wheat, 10 crops. Tesune, 
crops. 
Ear corn.| Stover. | Grain. | Straw. Hay. 

Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
DV TET ne ee ces conse sec ch SSencEc ener bachessds 41.8 3, 298 13.3 1,149 3, 987 
Acid phosphate, 150 pounds!........................ 41.9 3, 288 15.0 1, 407 4,353 
Reekapuasprates 1tonl! 357. --oc chose slenoanenacens 39. 2 3, 030 14.7 1, 293 3,913 
paiparri pps See le ei et os oa decodes 37.7 2,990 13.7 1,122 3, 767 
Rock phosphate, 1 ton; 2 manure, 10 tons! _.......... 46.9 3, 435 18.6 1,769 4,930 
Wiser ONLONS Wane eo ue coke 2. 1s. J ce esos ehccebeees 47.4 3, 698 18.4 1, 769 4,043 
Nothing......... PEOE Soe In ay EOS Sacicers 52S 5 41.0 3, 427 14.9 1,491 3, 793 


1 Per rotation. ; 
2 Rock phosphate applied at the above rate twice during 10 years. 


TABLE XXI.—Average yields of corn, wheat, and legumes obtained in a 10-year 
experiment at Scottsburg, Scott County, Ind. (1906-1915). 


Average yield. 


Treatment. Corn, 8 crops. Wheat, 10 crops. euEe: 
Ear corn.) Stover. | Grain. Straw. Hay. 
= Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 

ISAS oy Alo 8 5a ee en ee ee 25.1 2,366 9.2 862 749 
Acid phosphate, 150 pounds!..................------ 34.3 2,817 15.6 1,392 1,412 
Rock phosphate, 1 ton2_........--...---------eeseeee 40. 4 2,988 13.9 1,311 1,396 
Typ lbted re iterestere an ea sas cio wnicjsicieic = c/s cwcinisie sieweesceses 30. 5 2,578 10. 2 992 1,291 
Rock phosphate, 1 ton; 2 manure, 10tons!. -.........- 51.2 4,114 20. 8 2,138 3, 151 
Manure, 10 tons!_............. St te ae 50.5 4,025 20. 0 2,073 3, 065 
BUDE - -- no cccenctécoc ceccesassacce ce sosnesesc cae 30.5 2,583 10. 4 1,061 1,523 


1 Per rotation. 
2 Rock phosphate applied at the above rate twice during 10 years. 

The average results of 10 years’ work on the Littles field are not 
very satisfactory, since the difference between the average yields of 
certain check plots is greater than the difference between the checks 
and the plots treated with phosphates. Moreover the yields of all 
crops (except the legumes) on some of the checks were practically-as 
good and in some cases better than the yields on the plots treated with 
phosphates alone, indicating that the soil was not very responsive to 
phosphate treatments. Only in the case of the legume hay did acid 
phosphate seem appreciably more beneficial than raw rock; in fact, 
it was on this crop only that the former appeared at all effective. 
More significant increases in the yields of legumes were obtained, 
however, on plots receiving manure reenforced with phosphate rock. 

On the Scottsburg field the effect of phosphate treatments seemed 
much more marked, the average yields of the fertilized plots being 
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well above those of the checks. In this experiment the raw-rock plots 
gave average yields comparing favorably with those treated with acid 
phosphate. 

The writers feel, however, that the method of application used in 
these experiments hardly admits of a fair comparison of the relative 
merits of ground raw rock and acid phosphate. Nearly three times 
the amount of money was invested in raw rock during the 10 years as 
in acid phosphate. This means that in order to show a profit com- 
paring favorably with that obtained on the acid-phosphate plots 
the increases in yield from raw-rock plots must be three times as 
great. On a field showing little or no response to phosphate treat- 
ments (such as the Littles field) it appears to the writers unwise to 
attempt to compare the two forms of phosphoric acid when the rock- 
phosphate plot was so heavily handicapped. Considering now the 
Scottsburg experiment, the only instance where there is any signifi- 
cant difference shown between the yields of the plots receiving the 
two forms of phosphoric acid is in the corn crop, where the average 
yield of the raw-rock plot was considerably greater than that of the 
plot treated with acid phosphate. 

Four other experiments with raw rock phosphate undertaken by the 
Indiana station are described in this same paper, but none of them 
cover a period of over four years, so they do not warrant detailed 
discussion. 

The work of the Indiana station on the whole, while not conclusive, 
gives evidence of increased crop yields resulting from applications of 
raw rock phosphate. Under the conditions of the experiments any 
attempt to form conclusions concerning the relative merits of raw 
rock and acid phosphate seems unwarranted. 


KENTUCKY. 


The first data of the Kentucky station pertaining to the use of raw 
rock phosphate as a fertilizer were published in 1899.1. They con- 
sisted of the results obtained from a one-year experiment with 
various phosphate carriers on wheat. 

The same cooperator continued the experiment the following year,? 
but employed a different field and discontinued the application of 
ground rock phosphate. The results of this experiment are not re- 
peated here. 

fn 1912 the Kentucky station in cooperation with the State Geo- 
logical Survey published a paper* containing the results of three 
series of pot experiments with a yellow silt loam of rather low 
phosphate content. In series 1 and 3, pots of 4 gallons capacity were 


1Ky. Agr. Expt. Sta. Bull. No. 83, pp. 35-38 (1899). 
2Ky. Agr. Expt. Sta., Bul. No. 89 (1900). 
8 Ky. Agr. Expt. Sta., Bul. No. 162 (1912). 
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employed containing 30 pounds of soil each, and in series 2, pots one- 
half this size (2 gallons) containing 15 pounds of soil were used. 

Series 1 was planted to tobacco the first year, followed by oats the 
second year. Series 2 was planted to clover the first year, followed 
the second year by tobacco. Series 3 was planted to wheat the first 
year and to clover the second year. 

In each instance after the first crop was harvested the soil was 
dried, emptied out of the pots, mixed thoroughly with the fertilizers 
for the following crop, and then returned to the pots. The results of 
these experiments are given in part in Tables XXII, XXIII, and 
XXIV. 

TABLE XXII.—Yields of tobacco and oats obtained in pot tests with various 
fertilizers. 
SERIES I—TOBACCO (4GALLON POTS). 


“ Yield of 
Applica- stalks and | Increase Relati 
as 5 tive 
Fertilizer. HOD Dee leaves per | perpot. | increase. 
19h, pot. 

Grams Grams. Grams Per cent. 
ENO CREE ERT ens Sh nina tL ene eee | oasis wetmoo se pS tS Pome aesectens| [eri met meni 
HUTTE STOTO Mme eee oe ne a ond wapakinjain e's mins ene nie clowe 15.0 12.0 —1.75 —12.7 
Dissolved bone (24 per cent Ps Os) ---------..-------e-- 3.8 10.3 —3.75 —27.2 
ORKSINOSPNALOLEN Ss coeds ee oa boas acs acinwcce Lobcwemane 20.0 13.2 —0.55 — 4.5 
ELT Pe Sooty Yorayertayciaie eiaie die 6 aisle Sava lsaineciquiginae 35.0 9.7 —4,05 —29.4 

Cees cis cet ce ction sce accn cede coe ae onoae 35.0 

Vor ba DP HOSPHATOL cess ose ne nocenebos cos cboecieds se ceneen 20.0 10.3 seed —25.1 


SERIES I.—OATS (AFTER TOBACCO). 


Whole crop. Grain, 
Applica- 
Fertilizer. tion per 
pot. Yields | Increase | Yield | Increase | Relative 
per pot. | per pot. | per pot. | per pot. | increase. 
Grams. | Grams. | Grams, | Grams. | Grams. | Per cent. 
INGHO eee ic soe seca ce cesses cceensedcc| secs accuse MATEO occ taecn ee PLOT dase alaoe | Sree aeslets 
EUMESTOMO® ayaa yas csc eka saeco ed sccses 15.0 61.0 13.5 13.5 3.4 33.6 
Dissolved bone (24 per cent P,05)-.-.....--- BET 83.0 35.5 15.0 4.9 48.5 
ROCKS DHOSBHATO Do 2 22k c<cin cee ecinaie tae 20.0 68.5 21.0 13.4 3.3 32.7 
Manure PEP Meer e ace wae Saigon tures asco 35.0 93.5 46.0 16.5 6.4 63. 4 
Oe eee ee cee e agicm csi elec ecu's 35.0 
VOCK Ip HOSPHAbeL soc ce sloe oes cece acuc ess cs 20.0 84.0 36.5 15.4 5.3 52.4 


1 Average of 2 pots. 


Taste XXIII.—Yields of clover and tobacco obtained in pot tests with various 
fertilizers. 


SERIES I1.—CLOVER (2-GALLON POTS). 


li Mine In Rel 
+7: Application| of three crease elative 
Fertilizer per pot. cuttings per pot. increase, 
per pot. 

Grams. Grams. Grams. Per cent. 
NGO meee nae o Aimar Uivcsis silicate ews eewes cat socenese|suiewabon. sere UGA Ea Seasseeaac EBnosacgacsc 
ORO STS OP pen cicctee oe aie Sancta sews on sclad ccewccueeeeeumon led 20.4 4.4 27.5 
USSOlVemMONE ete 2 OLS Dae Us wotlelein as eoadaseueen’ 1.9 32.1 16.1 100.6 
VOCE OSDMALCn sacs cer sace nos um ouae dees wuctece mum ne 10.0 30.8 14.8 92.5, 
oe ee Daye ON PW id 2 17.5 Pi 9.7 60:6 

PCEAPUOSPNALCE we te vleisa seco elec accesses ecemsoecene 10.0 7 

CU ER pe ay oT ten REO A ERROR TRS ARNE Seah REID 5 17.5 27.6 11.6 72.5 
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TABLE XXIII.—Yields of clover and tobacco obtained in pot tests with various 
fertiizers—Continued. 


SERIES II.—TOBACCO (AFTER CLOVER). 


Stalks and 


iss Application Increase Relative 

Fertilizer. per pot. ce per pot. | increase, 

Grams. Grams. Grams. Per cent. 
ING OES ee See et OR as Ne ae Aare Oe EAE [SaOee aero 1.3, OM a ow Sale Socal eel eee 
TAI SIOMAD + 6 nod oo Sasone ene sonyasbonsasaodeconoseese 7.5 | 5.00 1.25 BBE 
IDRSROIEG! NOE 6 5 da osasconostadebascdsnasecdasa6ors 159 4.60 -85 22.7 
Rock phosphate...-.-.---..--------------------------- 10.0 7.40 3.65 97.3 
oe SE Pe marae ere ele cae cic om alee cisiocleclonmclejeew a ate cine ee 9.50 5.75 153.3 
Tada a Rit gh Mint at lag ta Me ea 10.0 |f 7-60 24 ela 


1 Average of two pots. 


TapreE XNIV.—Yields of wheat and clover obtained in pot tests with various 
F fertilizers. 


SERIES IIIl.—WHEAT (4-GALLON POTS). 


Whole crop. Grain. 
Applica- 
Fertilizer. tion per 
pot. Yield | Increase} Yield | Increase | Relative 


per pot. | per pot. | per pot. | per pot. | increase. 


Grams. | Grams. | Grams. | Grams. | Grams. | Per cent. 
at ea a i ha ER I Fy oy L420 ee eo SS eed ee = a 2 a | ee 


3.8 44.6 9.7 14.6 Pail 22.7 
Rock phospiate 3 20.0 45.6 10.7 15.7 3.8 31.9 
ue: = oe 0 44.5 9.5 16.2 4.3 36.1 
5.0 
ape Se Lote. ae \ 36.3 1.4 14.9 3.0 25.2 


SERIES IIl.—_CLOVER (AFTER WHEAT). 


Applica- Weight | Weight 

WeLtiliZer aa per of first |ofsecond| Total | Increase | Relative 
g Aart cutting | cutting | per pot. | per pot. | increase. 

POE: per pot. | per pot. 


= 


Grams. | Grams. | Grams. | Grams. Grams. | Per cent. 


NGG sO Se Shas SEE B ASE Se OEE ae ae ae oa esa el ee a uae UNEa Ke Tat selec reversed (nt ek eee AN ee elie ia ed 

issoOlvedbone:- = -s422 2b 2-5 os6 sae se 55 Ae 3.8 45.3 24.6 70.4 41.05 139.9 

Riockaphosphanes asses eee see eee noe 20.0 32.2 21.0 53.2 23.85 81.3 

Manure WIRE Me SC ete we dls AS se cee cae 35.0 46.5 25.0 6 ho 42.15 143.6 
Het SOHO RO SE OUR OR SAE ase - ce me Sane 35.0 ‘ ’ ; 

Rock poe rai Ar een eta Sai PCE Y 20.0 36.5 24.5 61.0 31. 65 107.8 


1 Average of two pots. 


It will be noticed that the pots receiving applications of phos- 
phates, whether water soluble or relatively insoluble, gave consider- 
able increases in yield over the untreated pots, except in series ‘ia 
where tobacco was grown the first year. 

The soluble phosphate on the whole gave somewhat better yields 
than the ground rock, although the latter material was applied liber- 
ally. In the second year of series I], however, when tobacco was 
grown, the ground-rock pot gave a much greater yield than the pot 
treated with acid phosphate. Contrary to what one would expect, 
the pots treated with a mixture of rock phosphate and manure gave 
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lower yields in nearly every case than those treated with manure 
alone. In three out of six cases ground rock alone exceeded a mix- 
ture of ground rock and manure. 

In this publication the authors state that these experiments were 
to be continued, but no further results of the tests have yet been 
published. 

In 1914 the Kentucky station, in a bulletin on “Alfalfa and Sweet 
Clover,”? gave the results obtained in a single season with these 
crops when treated with raw rock and acid phosphate, but since the 
work was not continued beyond one year and the data given are very 
limited the figures are not repeated. 

In 1915 and 1916 Roberts? published the results of an experiment 
conducted at Burnside, Pulaski County, which had been running 
since 1908. The field used lies on a hillside of moderate slope. The 
soil consists of a badly worn limestone clay, very low in organic 
matter, which had produced poor crops for a long time; practically 
no manure had been returned to it for many years. In 1908, less 
than 34 bushels of wheat per acre were produced on this field, 
although it had received 200 pounds per acre of an 8-2-2 fertilizer. 

In the summer of 1908, after the wheat was harvested, the field 
was laid out in six plots of one-fourth acre each, and the following 
fertilizers were applied on the unbroken ground and plowed under: 
Phosphate rock, 2,000 pounds per acre; acid phosphate, 800 pounds 
per acre; muriate of potash, 400 pounds per acre. Cowpeas were 
then sown and later turned under. The plots were then planted to 
rye and vetch, and while the latter crop failed the rye made a good 
growth. In the case of both cowpeas and rye the acid phosphate 
plots gave greater yields. 

No more fertilizer was applied until 1911, then a light dressing 
of manure was added to each plot, equivalent to what the corn and 
oats crops of each plot would make. In 1912 another such applica- 
tion of manure was added to the plots in addition to the same ap- 
plications of fertilizer materials as in 1908. In the spring of 1914 
a uniform dressing of nitrate of soda was applied to all plots because 
wheat was so backward. Manure was again added at the same rate 
as before in 1915, and potash and phosphates at one-fourth the rate 
previously employed. 

The results of seven years’ work are given in detail in Table X XV. 


1Ky. Agr. Expt. Sta., Bul. 178 (1914). 
2Ky. Agr. Expt. Sta., Bul. No. 191 (1915); Bul. No. 199 (1916). 


56841 °—B ull. 699—18—4 


50 


BULLETIN 699, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE XXV.—Results of seven years’ work on Burnside experiment field 


(1909-1915). 


Yield per acre. 


Applica 
Fertilizer. tion per Soy- 
acre.1 | Corn, Oats, | Clover, | Corn, bean | Wheat, | Corn, 
1909. 1910. 1911. 1912. hay, 1914 1915. 
1913. 
Pounds.| Bushels.| Bushels.| Pounds. | Bushels.| Pounds.| Bushels.| Bushels, 
Rock phosphate-....-.......- 2,000 | 
Sn Sah Pees abe aah Be 14 3.8 9.3 2, 436 32.9 1, 688 11.9 34.8 
INOtMIN eee eer cance one ceeeelssseesmes 9.0 9.0 668 9.5 628 Za 4.9 
Acid phosphate eae oe op iM 14.3] 11.9] 2,168] 45.7] 2,272] 19.2] 46.6 
Acid phosphate.-...........-. 800 17.7 13.6 2,328 43.5 2,112 18.1 50.9 
INOpMIn g422F Seem seisise nen cis | See eee 20. 4 14.0 1, 292 30.3 1,176 5.1 18.5 
Potash ins shete Soak re ed 400 11.9 10.5 764 17.6 560 1.7 5.3 


1 The fertilizers were applied at rate per acre stated in summer of 1908, again at the same rate in 1912, 
and at one-fourth the above rate in 1915. 
2 The station states that this plot should not be considered a check plot. 


While the plot treated with raw rock phosphate and potash gave 
yields below and no better than the check plots in 1909 and 1910, 
respectively, from then on it forged ahead rapidly, indicating that 
the crops were benefited by the phosphate treatments after the latter 
became more thoroughly distributed in the soil through cultivation. 
The yields of the acid phosphate plots, however, greatly exceeded (in 
all but one instance) those of the raw-rock plot, even though the less 
soluble material added over four times as much phosphoric acid to the | 

soil. While no data are given showing their relative natural fertil- 
ity, it is said that the raw-rock plot was handicapped by being 
naturally less fertile than the other plots in the experiment field. 

_ The results of six other experiments comparing acid phosphate 
with raw rock phosphate, conducted for periods of from three to 
four years in various parts of the State, are given by Roberts in this 
same bulletin. Their limited duration, however, coupled with the 
fact that the weather conditions were very bad during two of the 
years, render detailed considerations of the results unwarranted in 
this paper. 

The data presented by the Kentucky station are insufficient to be 
conclusive, although the results of the field experiment cited did 
indicate that raw rock, while inferior to acid phosphate, increased 
crop yields after the lapse of a year or more. 


LOUISIANA. 


Of the 13 experiments with ground rock phosphate or “ floats” 
carried on by the Louisiana Experiment Station, 101 were conducted 
through periods of from one to four years. These are not repeated 
in detail. 


ia. Agr. Expt. Sta., 
(1889) ; 28 (1890) (old series). 
(new series). 


Buls. Nos. 3, 4, 6 (1886); 7, 8, 11 (1887); 14 (1888); 20 
Buls. Nos. 8 (1891); 14, 16 (1892); 26, 29 (1894) 
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In 1889, however, the North Louisiana Experiment Station, at 
Calhoun, La., began a five-year experiment to test the effect of vari- 
ous phosphatic fertilizers (alone and in combination with other ma- 
terials) on cotton. The results were published year by year, but 
in no bulletin is there a table giving the complete results for all five 
years. They have been consolidated by the authors in Table X XVI. 

Neither the size of the plots nor the character of the soil used in 
this experiment are mentioned, but the soil at the station is said to 
be on the whole sandy. The field was plowed during the winter 
of each year, the fertilizer drilled in in the spring, and the seed 
planted shortly afterwards. The crop was cultivated and hoed sev- 
eral times during each growing season. 

The climatic conditions during the third and fifth years are not 
described, but during 1889, and in July and August of 1890, droughts 
somewhat handicapped the crops. In 1892 late planting and ex- 
cessive rains seriously affected the yields for that year. 


TABLE XXVI1—Results obiained in the growing of cotton on plot No. 2 
(Calhoun, La.) (1889-1893). 


Yield per acre of seed cotton. 


z Applica- 
Fertilizer. tion per 
BOIS: 1889 1890 1894 1892 1893 
Pounds. | Pounds. Pounds. Pounds. | Pounds. | Pounds. 
Gy PSUs pee ee enna ene senescent 80] - 1,520 1,810 1, 860 730 1, 250 
Dissolved bone black. ...-. 160 1,630 1,770 1, 870 820 1, 240 
Basal mixture !.......-.- 600 1,970 1, 800 1,780 710 1,540 
Basal merxbure? 5 --sl- oo -=----------- eee at ; és ; : 
Dissoived bone black. 52.5). 2 sseccc eco e- { ay 1,990 , 133 2, 215 920 2 1, 645 
(CAUSA 2 Suet pease nee oeoer Beceenenees 80 1,390 1, 620 1,710 760 1,320 
Ned phosplate soc -------------2----5-5 160 1,350 1, 680 1,620 780 1,160 
Basal mixture !......-.---.-.---- iecoooswis 600 1,720 1,870 1,700 920 1, 450 
IN) HIRT cs Se naec ober ges secesne eboSendad Benpe ee ee= 1,010 1,210 1,380 520 960 
[BaSalIMIXGULe tee osha inp oe sias ane 5-2 2- 600 , ; ; 
PNcidphospbato se cee eae ideas sek { aon 1,950 1,760 1, 735 2 680 21, 285 
ga nnGeIle eee DAP Seana pe seenemese 160 770 1,180 1,330 590 890 
Masa lnKPONe eer e 5 olen ate sie seers ciaie = 600 1,170 1,370 1,480 660 1,170 
Basalimuspune ye 2s. sec sss eect see =i =) 600 
2 

Bone meal wa a i I a { aoe il; 305 2 1, 335 2 1, 545 E 2700 2 1, 130 
IN G8iBio es sedose ee soeekeeeoseeeeeesdeecemee 160 480 690 1, 030 460 610 
igpSe i! ita Po ooo 6 knoe oe ososborososas 600 920 1,100 1,190 560 1,100 
IDASALTAESEUINC ! cicies (sc noiee ses ainsi ss s= 600 
[iigeio eek eae ae eS ok Cn { ret 2 835 21,015 21, 255 2 680 2 880 
INGIMIADIT OS seme csistc cjeisn ies Sars cisaploe oy] - see es ae 330 630 730 380 470 


1 Basal mixture = 480 pounds cotton-seed meal and 200 pounds kainit. 
2 Average of two plots. 


It is apparent that the plots of this experimental field were far 
from uniform. Moreover, small applications of raw rock phosphate 
(160 pounds per acre) used on continual cotton without incorporat- 
ing more organic matter in the soil than was supplied in the basal 
mixture employed in this experiment could hardly be expected to 
produce marked effects on the crop yield. 


1Za. Agr. Expt. Sta., Bul. No. 27 (1889) (old series). Buls. Nos. 8 (1891) ; 16 (1892) 5 
26, 29 (1894) (new series). 
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In 1889 the North Louisiana Experiment Station began a number 
of experiments with corn.t One of these had for its object the 
testing of the effect of various phosphatic fertilizers alone and in 
combination on the crop yields. This experiment was carried on for 
five years, but the raw phosphates were not introduced until the 
second year. The results obtained each year were published in 
separate bulletins,? but for the sake of brevity and clearness they are 
bere all incorporated in one table. As in the case of the cotton ex- 
periments carried on at this same station, the size of the plots em- 
ployed is not mentioned, and the only description given of the soil is 
that it was poor. 

The land was plowed during the winter and fertilized in the 
spring. The corn was planted in rows 5 feet wide and 3 feet apart in 
the drill. The complete results are given below in Table X XVII. 


TABLE XXVII.—Results obtained at Calhoun, La., in the growing of corn 
(1889-1893). 


‘ 


Applica- Yield per acre of corn. 
Fertilizer. tion per 
acre. | 1889 1890 1891 1892 1893 
x Pounds. | Bushels. | Bushels. | Bushels. | Bushels. | Bushels 
GYPSUM Reet ese =re citiaee eee secem eterna 56 26. 69 2r. 00 15. 00 13.60 16.00 
Dissolved bone black 23.00 12.75 25. 20 19. 60 

BASsalsmMixGUne pee eee re ee be ene oe eee 5 28. 00 14.25 32. 80 22. 00 

Do WK Renee Ragin A Ant Mieke IM Oram (cpu Aimrcnnapt LE \ 
Discnicod ncntaplacke | 2. 23.14 12. 75 25. 60 21.80 
GoyPSus ee PRB Se ae ae Ae ° 14.42 6. 00 10. 80 8. 80 
Acid phosphate---*-..2.2..-.---.-.---.-.- 12.17 5. 25 17.20 8.80 
Basalimpxtureee saccse e e e L 18.25 10. 50 18. 80 16. 80 
ola ne ee A Pa ele laa Ee ; 11.00 4.50 8. 40 7.60 
Basalimixhurezcssccet IRs Sh ese 
ING dephiosohate . suidbon 20m iyi) aii . 18.13 13. 88 23.20 24. 00 
BowMeymeal Mei we Le NV IS Visca Ne ene ‘ 13. 00 10. 50 11. 20 17.60 
IBasalimaictune ss ee es ee Nee ee eae f 20. 32 13. 50 29. 40 21.60 

DOE 2 te Se Ss a ek 
Seeger a eA \ : 20.78| 17.25} 31.20 24. 80 
South Carolina floats 9. 00 6. 75 13. 60 15. 60 
Basal mixture........- Bes ae oe 22. 00 14.25 28. 40 20. 40 

DOG ae ee ee E ac 
SEnTANG SaaS \ 21.75 | 15.75 | 29.80 22. 40 
No manure.......--- 9.10 6. 75 14. 00 10.50 


The wider differences between the yields of the various plots re- 
ceiving “basal mixture” show that this field was not of uniform 
fertility. 

A careful study of Table XXVII will also show that the soil 
seemed to respond much more readily to the nitrogenous than to 
the phosphatic fertilizers, but the applications of the latter were 
rather light, particularly for the relatively insoluble phosphates. 
With the exception of those treated with bone or dissolved bone black, 
the plots on which phosphates were applied alone gave on the whole 
little or no increase in yield over the unfertilized plots. While 
floats alone gave no increase in yield for the first three years of the 
experiment, the crop produced the fourth year on this plot exceeded 
the no-fertilizer plots by a considerable margin, indicating that 


lia. Agr. Expt. Sta. Bul. No. 27 (1890). 
*¥.q. Agr. Expt. Sta., Buls, Nos. 8, 16, 21 29 (new series). 
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there was a cumulative effect. When the phosphates were used in 
connection with the “basal mixture,’ however, their effect seemed 
more marked. A comparison of the phosphate-basal-mixture plots 
shows that the bone meal and floats gave on the whole higher yields 
than either dissolved bone black or acid phosphate, but these differ- 
ences are negligible when compared with the differences in yield 
between the various “ basal-mixture” plots. 

A fertilizer experiment with sugar cane begun at Audubon in 
1890, was continued for 10 years, and in 1900 the averages of the 
results obtained during that period were published.t There were, 
however, during this period only eight crops of cane harvested. 

The land selected for this experiment was part of Audubon Park 
and had not been under cultivation for years. It had grown the 
native deep-rooted grasses which had sometimes been cropped for 
hay, but more frequently allowed to decompose on the fields. The 
soil, therefore, was rich in organic matter and might be considered 
at the outset almost new. No description is given of the soil type. 
The land was tile-drained. The fertilizers were applied only in 
those years in which cane was grown and raw rock phosphate was 
not introduced into the experiment until 1891. The acidulated phos- 
phates were applied at the rate of 250 pounds per acre when used 
alone, but when used in conjunction with potash and nitrogen car- 
riers they were applied at two rates, namely, 250 pounds and 500 
pounds per acre. The less soluble since ies bone, basic slag, and 
South Carolina “ floats” were applied at the rate of 500 pounds per 
acre throughout. - 

The results are given in Table XXVIII. 


TasLe XX VIII.—Hight-year average results obtained at Audubon Park, La., in 
the growing of sugar cane (1890-1900). 


Average yield per acre. 


Fertilizer and annual application per acre. 2 


r Sucrose in 
Cane: juice. 

f ‘ j : Tons. Per cent. 
Missolvedsponel lack. 250) POUNIAS!. o)2)5./-- sos meee ee ee oe nl slcte vis juice soja eee 29. 88 11.77 
Dissolved bone black, 250 and 500 pounds; basal mixture,? 330 pounds............ 4 29. 52 410. 64 
Basal mixture,? 330 pounds ele of ge een ap CN eS Sy IN ESE acc a el 28. 19 10. 84 
Acid phosphate, oUIDOUN GS: =e e ee. as eas REG pas... Cy (toe ee A Cty a) 26. 12 11.55 
Acid phosphate, 250 and 500 pounds; basal mixture,’ 330 pounds...............- 429. 55 411.04 
INO IVA Rs SF ces Sets are Seer et tac UC ee eae ge Me ce 25. 10 11. 59 
OO ROI Ae ee MM ADOUNES Men maou tec ic ne eae lei ORCC nia Cae Ameena Le icy 27. 26 11. 37 
Bone black, 500 pounds; basal mixture,? 330 pounds........ a 27. 59 11.35 
Slag meal, 500 BOUNGS Sees Seer! oes 0 i ee Bh 27.68 11. 62 
Slag meal, 500 pounds; basal mixture, 3 330 pounds. . 30. 44 11. 82 
Basal mixture, SOOO NPOUNCS! ween ccs a. as Speers Ata 28.45 11. 70 
South Carolina floats! S00};pOundS 225. |.) Foyle oe el ee a 26. 76 12. 04 
South Carolina floats, 500 pounds; basal mixture, 3 330 pounds. . gh 29. 19 11. 67 
INO) TE Te ee eee re cs Cte SRR ea EEG 5 ca ea gs el 25. 38 12. 29 
IOC saTea ls OO DOUTIGS® sper enee es SUS IN Spade IE AN <1 eae aN OR Ba kg 26. 73 12. 26 
Bone meal, 500 pounds; sulphate of potash, 100 pounds..................22...--- 26. 03 12. 34 
Bone meal, 500 pounds; basal mixture,? 330 pounds..........................--- 27. 44 11.96 


1 La. Agr. Expt. Sta., Bul. No. 59 (mew series) (1900). 

2 Fertilizer applications made only in years cane was grown (8 years). 

3 Basal mixture = 230 pounds ammonium sulphate and 100 pounds potassium sulphate. 
4 Average of two plots. 
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The results given in Table X XVIII indicate strongly that medium 
applications of phosphate, either soluble or relatively insoluble, pro- 
duced appreciable increases in the yield of sugar cane. The yields 
on the whole were slightly in favor of the acidulated phosphates, but 
the average yield of the plot treated with a combination of basic 
slag and “basal mixture” exceeded those of all the other plots. 
The plot treated with dissolved bone black alone gave the next high- 
est yield, followed by the plots receiving mixtures of the acidulated 
phosphates (dissolved bone black and acid phosphate) and “basal 
mixture.” The yield of the floats-basal mixture plot, however, was 
so close to that of the latter two that the difference is well within 
experimental error. When applied alone, South Carolina “ floats” 
and bone meal apparently gave about equal results, the yields being © 
greater than that of the acid-phosphate (alone) plot. 

In two out of the three experiments of the Louisiana station here 
cited, the applications of raw rock were so light and the evidence 
points so strongly to the lack of uniformity in the experiment fields 
that the results have little value. In the third experiment, however, 
where the phosphates were applied more liberally the increased 
yields of sugar cane obtained from the insoluble-phosphate treat- 
ments compared favorably with those from the soluble-phosphate 
plots. : 
MAINE. 


Owing to the limited data presented and their short duration 
(from one to two years), six? of the nine experiments with raw rock 
phosphate conducted by the Maine Experiment Station are not con- 
sidered in this paper. 

In 1895? the Maine station published the results of two field ex- 
periments with various forms of phosphoric acid. One was con- 
ducted for nine years and the other for seven years. 

The first experiment was conducted on a 2-acre field which was 
divided into 36 plots containing one-twentieth acre each. The soil 
of this field was a clay loam and said to be quite uniform throughout. 
Before the sod was broken for the experiment in 1885 the field had 
grown three heavy crops of grass, previously to which it had received 
a liberal application of stable manure and unleached wood ashes. 
In 1885, without any further addition of fertilizer, the field produced 
a crop of barley. 

Fertilizers were applied only five times during the nine years of 
this experiment, no applications being made in 1888, 1890, 1891, and 


1Me. Agr. Expt. Sta., Ann. Repts. for 1888, pp. 64-66 (1889); 1889, pp. 140-143 
(1890) ; 1890 (1891); 1891 (1892). 
2Me. Agr. Expt. Sta. Ann. Rept. for 1894 (1895). 
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1892. Six plots received no fertilizer treatments whatever. The 
remaining 30 plots received 10 different fertilizer treatments, the 
same treatment being applied to three plots in each case. The aver- 
age annual results obtained from each fertilizer treatment are given 
in Table X XIX. 


TABLE XXIX.—Resulis of nine years of field work in the growing of various 
crops (1886-1894). 


Yiekl per acre (average of 3 plots). 


Appli- 
Fertilizer. a 1886 1887 | 18881 | 1889 | 18901} 18911] 18921] 1893 1894 
acre. 
Oats. | Oats. | Hay. ras Peas. | Oats. | Peas. | Corn.2) Corn.2 
Lbs. Lbs. | Lbs. | Lbs. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. 
NuMertitenee: 15.00.22 06202 /S 5228. | 3,664 | 2,000 | 2,566 |....... 1,406 | 1,892 | 1,216 | 395 749 
Dissolved bone back......... 400 | | : 
Potassium chloride..-........ ' 100. |75,900 | 3,400 | 2,434 |....... 1,850 | 2,332 | 1,124] 1,415 | 2,926 
Ammonium sulphate......... 200 | 
Ground bone......--.------.-- 360 | 
Potassium chloride.........-.. 100 [sa 2,566 | 2,800 |....... 1,922 | 2,466 | 1,072 | 1,326! 3,038 
Ammonium sulphate.....-.-. 200 
Ground South Carolina rock.. 300 
Potassium chloride........... 100 |$5,052 | 3,100 | 2,566 |......- 1,762 | 1,936 | 860] 1,076] 2,631 
Ammonium sulphate......... 200 
Siablemianure*:: 22 5522.-2 2. 40,000 | 5,266 | 3,074 | 4,010 |..-.... 2,644 | 3,288 | 1,976 | 2,931 | 3,562 
1 ET 177) PR Oe nee ae ee 968 } 2,400 ; 1,634 |..-.... 1,618 | 2,068 | 1,180 366 | 978 
Hseelvee! bone black. aa 400 4 SIZ" | 25100 |) 25.166) | 2 saeese 1,774 | 2,666 668 576 1, 280 
ase. Sone eee oor eee 400 , s ; 
ao eae RIG amen: aaa an \4, 906 2,634 || 2,066 |2.-2--2 1,978 | 2,668 736 | 1,486 | 2,532 
Dissolved bone blaek-.....-... 200 
Potassium chloride........... 50 |}4, 732 | 2,834 | 2,166 |....... 1,738 | 2,496 | 848] 942] 1,982 
Ammonium sulphate......... 60 
Dissolved bone black......... 300 
Potassium chloride........... 100 |75,640 | 3,500 | 1,766 |....... 1,694 | 2,700 | 1,092 967 2,598 
Ammonium sulphate......... 120 
Dissolved bone black......... 400 | 
Potassium chloride........... 150 |'6,034 | 3,834 | 2,374 |......- 1,778 | 2,666 | 1,084 | 2,046 | 3,427 
nO se 180 | 
otassium chloride...... 100 = 
Meera wiienisiakeinte< 20 < thy 200 }4, 500 24700) |e 23234) |e cake 1,422 | 2,000 | 1,180} 905] 1,879 
1 No fertilizers. 2 Air dried. 


In this experiment the plots treated with stable manure gave on 
the whole better results than any of the other plots. The plots re- 
ceiving heavy applications of dissolved bone black in combination 
with potash and nitrogen carriers came next, followed by those 
treated with a mixture of bone meal, potash, and nitrogen. The 
plots treated with ground raw rock phosphate gave a lower average 
increase than the other phosphates, but produced in all but two 
instances a distinct gain over the plots fertilized with potash and 
nitrogen carriers alone. 

While the applications of dissolved bone black (800 and 400 
pounds per acre) employed in this experiment are considered com- 
paratively heavy for such a soluble phosphate, an application of 
300 pounds. of ground raw rock is a light application for such a 
relatively insoluble material. Moreover, in describing this experi- 
ment there is nothing to indicate that the soil was well supphed with 
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organic matter, which would aid in rendering the less soluble phos- 
phate more effective. The conditions, therefore, were much more 
favorable to the water soluble phosphates than to raw ground rock. 

The results of the other long-time experiment published in this 
same report! cover a period of seven years. ‘This second experi- 
ment was conducted on a larger scale than that just described and 
had two objects in view: First, to determine the possibility of main- 
taining soil fertility by the use of commercial fertilizers, and second, 
to determine the comparative value of raw rock phosphate and acid 
phosphate. 

A 10-acre field, the soil of which was a clay loam and excellent 
grass land, was selected for this experiment, and divided into four 
plots uf 24 acres each. For two years (1888 and 1889) no fertilizers 
whate,er were applied to any of the plots, grass being grown in 
order to determine their relative natural fertility. Fertilizers were 
«pplied only once during the seven years of the experiment (in 
1890), so the results after that year show in a measure the residual 
effects of the various fertilizer treatments. 

The results of this experiment are given below in Table XXX. 


TABLE XXK..—Results obtained on plots of two and one-half acres each, in the 
growing of various crops (1888-1894). 


1888-89 | 18901 1891 1892 1893 1894 


cation 7 
Fertilizer. : Barley re) 1 Sum- Oats, 
acre. | Hay. | and | 7 ats as €Y;| mer dry 
‘ ; Y- | tilled. | matter? 


Loads. | Pounds.| Pounds.| Pounds. | Pounds. Pounds. Pounds. 


Stablemmanura=.-25 5.4) \<seesesccneee: 20| 2,542] 2,208|- 3,818| 3,444 |.....0..- 1, 894 
Pounds 

Ground South Carolina ruck..........- 1, 000 

Dee eee Sa NAESED: DCCA | D> Rep pe edlOy| be lp MADINs 22 Bhi ry Bade des 222 2,453 

Potassium chloride.............-----.. 100 

Acid pHOspuate B53 SeSsORCbOSESbaSEeaseuS 500 ‘ 

Ammonium suiphage..c.000200.00000.] 16 /f 2082] 1422) 2,972] 1,980 J......--. 1, 734 

Potassium chloride, .......-..........- 100 


INO} STUTE Reece ese acess eae ee ens eaeaeeee 2,510 1,118 2, 480 DOI Beoccece= 957 


1 Fertilizer applied in 1890 only. 
2 Oats were cut before maturing and used for silage. 

The indications are that the plot which was afterwards treated 
with acid phosphate was naturally less fertile than the other plots 
of the experiment field. Contrary to what one would expect the raw 
rock phosphate was apparently as effective as acid phosphate during 
the first year of its application, yet the following year (if the ap- 
parent relative natural fertility of the two plots be taken into con- 
sideration) the acid-phosphate plot appeared to greater advantage 


1TIdem., p. 28-32. 
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since its yield nearly equaled that of the raw-rock plot. In 1892 and : 
1894 (particularly in the latter year), however, the plot receiving 
raw rock phosphate two and four years previously forged ahead very 
noticeably. 

In 1896 Merrill‘ published the results of the box experiments be- 
gun by Ballentine” a number of years before and continued after 
the latter’s death. The work was carried on still further, however, 
and all the results published by Merrill * in 1899. 

This experiment was undertaken in order to determine the rela- 
tive availability of various phosphates and also to test the ability 
of some of the common crops to obtain phosphoric acid from these 
different sources. The work was conducted in one of the green- 
houses, and the plants grown in wooden boxes 14 inches square and 
12 inches deep. The boxes were filled to within 14 inches of the 
top with 120 pounds of sand. The sand was taken from a knoll 
near the river, at a depth of 3 or 4 feet, and was nearly free from 
organic matter. Traces of phosphoric acid were present. Before 
filling the boxes, the sand was carefully screened and mixed 
thoroughly with the various fertilizers. 

Eighteen species of plants were grown, representing seven orders: 
(1) peas, horse beans, clover, and alfalfa (Leguminosze) ; (2) tur- 
nips, rutabagas, cauliflower, and kohlrabi (Crucifere) ; (2) barley, 
oats, and timothy (Graminez); (4) tomatoes and potatoes (Solan- 
acee); (5) carrots and parsnips (Umbelliferz); (6) buckwheat 
(Polygonacez) ; and (7) sunflower (Compositz). 

It was planned to carry each plant through three periods of 
growth, but the clover would not mature in the time it took for the 
other plants to do so, hence only two crops were grown. The sun- 
flower and buckwheat did not thrive under the conditions of the 
experiment; and, after a single trial, were replaced by carrots and 
parsnips, which were grown for the two following periods. 

In each period 12 boxes were employed for each kind of plant. 
The boxes were divided into three sets of four each, the various 
phosphate treatments as well as the checks being run in triplicate. 
No attempt was made at pollination, and since but few insects 
were present during the growth of the plants, the fruiting was very 
irregular. As soon as the plants seemed to have attained their 
maximum development they were harvested, dried, weighed, and the 
total amount of dried matter determined for each crop grown. 

The phosphates used in this experiment were acid phosphate, 
Redonda phosphate (phosphate of iron and alumina) made largely 
citrate soluble by ignition, and Florida finely ground peepee rock 


1Me. Agr. Exp. Sta. Ann. Rept. for 1895, p. 10-14 (1896). 
2Me. Agr. Exp. Sta. Ann. Rept. for 1895 (1894). 
%Me. Agr. Exp. Sta. Ann. Rept. for 1898 (1899). 
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(floats). These materials were added in such amounts that they 
each furnished 6.58 grams of phosphoric acid, an amount suflicient 
to add only 0.01 per cent of P,O,. In addition to the phosphate each 
fertilized box received 10 grams of sodium nitrate, 5 grams of potas- 
sium chloride, and 5 grams of magnesium sulphate. In the boxes 
where the Redonda was used 10 grams of calcium sulphate was also 
added. . 

The average production for a single period is shown in Table 
XXXII. 


TaptE XXXI.—Relative weights of dry matter obtained in box experiments 
with various phosphates. 


Crop. Weight. Phosphate treatment. Crop. Weight. 
Grams. Grams 
gf Acid vhosphate a yee eee 135 
Peas. 2----e-c2cceeeesees- 94 Fg tomato weetteeeneeeseeees 79 
SisieNosphosph ites sssee-a ae 36 
ae fei phosphate...........- 260 
Horse beans...-+--+------- Tecate wren ar | cetera ae Moe es 187 
86 | No phosphate............-- 151 
Fra Heid phosphate.........-.- 214 
ON Sead osesesbelsso- sense 141 
Clover .-..----------------- 126) sRedondatuss. sae eee eee Jom see et cceresennencw ene 140 
4 83 | No phosphate.........-.... 135 
107 Acie phosphate. -.......-..- 237 
Alfalfa. s----ceee-coseee2s: Bfi| Badoride, p20. fsiy 5c. PPADS <= cceneancecreass 151 
90 | No phosphate...........--- J 163 
222 Acidaplosplate Sod snseccnot 107 
- 202 OAtSn sree eee ace Sema 54 
Turnips........------------ AS 7h BEA CG rTC ae ao ee [Poi soassacdsosqcace | 51 
119 | No phosphate.............. 37 
152 | Acid phosphate..........-- eat 
Rutabagas....--e-see-2--- ig | Redonda, 222222222222 2_]fS¥mbowers..---eeeeeeeeeee- 15 
64 | No phosphate.............. ll 
176 | Acid phosphate. ..........-. | oH 
Cauliflower......-2-2-020+- 107 Redonda ccoccsono Turnips (roots)......-+---- | $0 
62 0 phosphate..-........... 44 
232 ne yonpsrinate a ceasise sane fe 
Kohlrabl...---2-e+e+220-- 72 Redonda ococcc Rutabagas (to0ts).....--.-. 3 
130 OE DOS D Ua stine nn 16 
338 | Acid phosphate. sé 4 
Barley ...ee--eeeecseoeeeee- ta | erie ee ee [snore ceeseeeneeseee 
146) |SNonphosphatesocamseesec cer (ieee te 0 eee en ecm re eee 
218 | Acid phosphate a 5 168 
85 | Floats ......---- Bolts : 
Com... --..-----2-00--.-.- 98,| Redondale. .. “7 7|Kohlrabi. ....22...2-0------ 92 
31 | No phosphate.............- 60 
185 | Acid phosphate-............ ig 
Potatoes (tubers)...-..----)) 149 | Redondas. 2 2. .ili2iii1_|pO8tS--sreeeseeeeteeeteeee 380 
115 } No phosphate...-........-- 319 
173 | Acid phosphate...........- ae 
Carrots (T0018) ..---er-+---. 113 | Redonda. 22.22.2222 121] Timothy ----eeeeeeeeeee ee: 340 
102 | No phosphate............-- 353 
: 196 acid i phosphate Seacocosanee 
. HIG |p OBIS. se Saggeessscochsostic 
Parsnips (roots) SOC ISS OSA 5 1144| (Redonda-ee: .2--eeegaseeeee 
120 | No phosphate.............- 


While all the phosphate treatments appeared to be beneficial, in 
every case the boxes receiving acid phosphate gave greater yields 
than those treated with the Redonda or raw Florida rock. The gain 
was especially marked in the case of the Graminee family, three 
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members of which—barley, corn, and oats—yielded nearly double 
the amount produced by either the floats or Redonda phosphate. — 

The fact that the same quantity of phosphoric acid was applied 
in all forms and that this application was light for the relatively 
insoluble phosphates is distinctly unfavorable to these phosphates. 
Moreover, it is stated that the sand used in this experiment was 
nearly free from organic matter, which fact would also be unfavor- 
able to the raw rock phosphate. It is not surprising, therefore, that 
greater yields were obtained from the use of the soluble phosphate 
in these experiments. 

The results of both the field and greenhouse experiments conducted 
by the Maine Station indicate strongly that applications of raw rock 
phosphate increase the yields of many crops and that this material 
is more effective when applied liberally. The data, however, are 
insufficient to be conclusive as to the relative merits of raw rock and 


acid phosphate. 
MARYLAND. 


The first work conducted by the Maryland station to test the fer- 
tilizer value of the relatively insoluble phosphates consisted of sev- 
eral experiments’ on corn, wheat, sweet potatoes, and tomatoes, but 
in all these experiments the natural phosphates employed were 
guanos from islands in the Caribbean Sea. According to the analy- 
ses of these guanos they contained a certain amount of available 
(so called) phosphoric acid, and in some instances a small percent- 
age of nitrogen, so it is hardly fair to place them in the same class 
with the amorphous phosphates of Florida, South Carolina, and 
Tennessee. For this reason the results of these experiments are not 
included in this paper. 

The results of five years’ work in testing the relative values of 
various carriers of lime were published by the station in 1906.2 
While finely ground South Carolina rock was used on one of the 
plots, no comparison can be made of its value with that of acid 
phosphate in this experiment since all the plots, with the exception 
of the checks received in addition to the lime carriers applications 
of a complete fertilizer. Under these conditions lime in the form of 
oxide, hydrate or carbonate produced yields as great as that obtained 
from lime combined with phosphoric acid in ground rock phos- 
phate. It is worthy of note, however, that the plot receiving ground 
rock phosphate in addition to a complete fertilizer produced greater 
yields than the plot treated with complete fertilizer alone. 

The results of work carried on for 12 consecutive years with vari- 
ous kinds of phosphate were published by the Maryland station in 


1Md. Agr. Expt. Sta., Bul. No. 5 (1889); Special Bul. (Fair edition) (1889); Buls. 
Nos. 10 (1890) ; 14 (1891). 
2Md. Agr. Expt. Sta., Bul. No. 110 (1906). 
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1907.1. These experiments had several objects in view but were 
conducted chiefly to test the relative fertilizer value of the soluble 
and the relatively insoluble phosphates on corn, wheat, and hay. 

The field used is said to be fairly level, well drained, and quite 
uniform throughout. The soil was moderately stiff clay. The his- 
tory of the cropping of this field before the experiment was under- 
taken is as follows: 

In 1888 the land grew a poor crop of weeds and grass which was 
plowed down. The land was then sown to wheat which was har- 
vested in 1889; in 1890 and 1891 the field was in grass, and in 1892 
corn was planted. The land was fallowed in 1893, but in 1894 it 
was again planted to wheat in which both timothy and clover were 
sown. 

In 1895? the field was divided into 22 plots of one-tenth acre each 
and planted to corn, crimson clover being sown subsequently in the 
corn on plots 1 to 12, and rye on plots 18 to 22. These latter crops 
were plowed under the following spring. In 1896, 1897, and 18983 
corn was again grown under the same conditions. In 1899 a crop 
of wheat was harvested followed by hay in 1900 and 1901. In 1902 
and 1903 corn was again grown followed by wheat in 1904 and hay 
in 1905. 

The various phosphates were applied in such quantities as to fur- 
nish equal’ amounts of phosphoric acid to the soil. It appears that 
the phosphate applications were made every year except in 1899, 
1900, 1901, and 1905 when wheat and hay were the crops grown. 

There were four check (no phosphate) plots employed in this 
experiment, on two of which a green crop (rye or clover) was turned 
under subsequent to the growing of corn. In the tables given below 
only the average of these four plots is reported. Three plots each 
were treated with the following phosphates in quantities supplying 
150 pounds of P,O, per acre, raw bone meal, basic slag, ground 
South Carolina raw rock and Florida soft phosphate. Two each 
of these plots had a green crop turned under in six out of the 12 
years of the experiment, in order to study the effect of decaying 
organic matter on the availability of these relatively insoluble phos- 
phates. In the following tables the average of the three plots is 
taken in each instance, although in some cases the organic matter 
present apparently increased the effectiveness of the phosphate treat- 
ment. 


2Md. Agr. Expt. Sta., Bul. No. 114 (1907). 
3Md. Agr. Expt. Sta., 8th Ann. Rept., p. 226 (1895). 
®The corn crop in 1898 was a failure. 
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The results on corn given in Table XX XII are rather inconclusive, 
even though they represent the crops of six years. The average pro- 
duction of the no-phosphate plots was in many instances greater than 
that of the plots receiving phosphate treatments. Only in the cases 
of the plots treated with reverted phosphate of iron and aluminum 
were there fairly consistent increases obtained over the check plots. 
In 1903 the average yield of the check plots exceeded that of any of 
the others except the Florida soft phosphate plots and equaled the 
average yield of these. 

The yields of the various soluble phosphate plots were very incon- 
sistent. For instance, the plot treated with double acid phosphate 
gave on the average an increase in yield over and above the no- 
phosphate plots, yet the plot treated with dissolved South Carolina 
rock (ordinary acid phosphate), which was applied in such quan- 
tities as to furnish the same amount of phosphoric acid, gave a yield 
considerably below the average of the check plots. 

The results obtained on the hay crop (Table XX XIII), however, 
were more consistent. With the exception of the first crop of the 
dissolved South Carolina rock plot, the yields from the less soluble 
phosphate plots were greater than from the water soluble phosphate 
plots, and in nearly every instance the yields of the treated plots 
were considerably greater than those of the checks. Here, again, 
the reverted phosphate of iron and aluminum gave the highest yields. 

Although the conditions of this experiment were apparently more 
favorable to the soluble phosphates the results indicate that for corn 
and hay the relatively insoluble phosphates of iron and aluminum 
in a very finely divided or precipitated condition, were more effective 
than the former. _ 

In the case of the two crops of wheat grown on these same plots 
the opposite results were obtained (Table XX XIII). The yields 
of the soluble phosphate plots in most instances exceeded the yields 
of the relatively insoluble phosphate plots quite appreciably, and all 
the treated plots gave considerable increases in yield over the check 
plots. 

Regarding the influence of decaying organic matter in the soil, the 
turning under of rye seemed to increase somewhat the effectiveness 
of the insoluble phosphates, but the plots on which clover was grown 
and subsequently turned gave on the average smaller yields than 
similar plots receiving no organic matter. 

In studying the results of these experiments two questions natu- 
rally arise. First, how uniform was the soil of the various plots, 
and, second, what would have been the effect of applications of lime? 

Another five-year experiment undertaken by the Maryland station 
some time after the one just described and discussed, gives consider- 
ation to these points. In this later experiment an attempt was 
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made to determine the relative natural fertility of the various plots 
on the experimental field by uniform cultivation, and the growing of 
wheat and hay for three years preceding the application of the 
phosphates. 

The yields of the various plots during these three years are given 
in Table XXXIV. 


TABLE XXXIV.—Kelative productive capacity of plots when receiving uniform 


treatment. 
Wheat, 1899. Hay. 
Total of3 | Average 
Plot number. = 9 SS crops yearly 
Grain. Straw. 1900 1901 yield. 
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 
Ser pie be ee PE Pee hee 1, 535 2, 800 4,050 4,010 12,395 4,132 
eae ee eRe BRI Sea ere Oe 1,415 |' 2,630 3, 500 3, 150 10,695 3,565 
SOA at Tye Ee ce A 1, 835 3, 565 3, 600 3, 900 12, 300 4,300 
CUR ie SAU To he © aa RCL 2, 130 4,070 4, 500 3, 750 . 14, 450 4,817 
EPS Re ee Ei SO Pee eae 2,120 3, 980 4,550 4,050 14,700 4,900 
Cio a A a CC 2,100 4, 300 3, 450 3, 750 13, 600 4.533 
Te Ma en ee a EE OS 2, 190 4,310 4, 350 4,100 14,950 4, 983 
SE eee UN RR Ree ONT CIB Lape cr 2,165 4,100 2, 500 4, 400 13,165 4,388 


The figures given in Table XXXIV indicate strongly that this 
field was not of uniform fertility. They show how the relative yields 
of similarly treated plots may vary from year to year independent of 
fertilizer treatment, thus making it not only unwise but well nigh 
impossible to draw final conclusions from field work covering on a 
short period of time. 

The yields of the same plots after treatment with the various 
phosphates are given in Table XX XV. _ Besides introducing other 
varieties of phosphates into this experiment, the effect of liming on 
the soil was studied by employing two soluble phosphate plots, one 
of which received in addition to acid phosphate a liberal application 
of lime. 
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In order to see at a glance the apparent’ relative values of the 
various phosphates used in this experiment, the Maryland station 
compiled a table in which the yields given in Tables XXXIV and 
XXXV were reduced to a percentage basis, taking the yield of the 
Virginia phosphate plot as 100. The results are given in Table 
XXXVI. It will be noted that the average production of the differ- 
ent plots after the application of the phosphates was less than before 
the treatments, but since the greatest decrease in yield was on the 
check plots, it is assumed that the phosphates had a beneficial effect. 

The figures in the column headed “ Relative increase ” represent 
the average relative increases of the various phosphate plots over the 
check plot. 


TABLE XXXVI.—Relative yields and average inyuence of different forms of 
phosphoric acid, expressed in percentages. 


a EO Bale ee Rate ae = 

Phosphate treatment, 150 pounds P,O; per acre, in yie yiel ys elative 

the following forms: ‘ before ex- | during ex- | Pifference-| increase. 
periment. | periment. 


Per cent. Per cent. Per cent. Per cent. 
Ground South Carolina rock ................--.-------- 83 73 —10 10 


Dissolved South Carolina rock..................-.---..- 72 72 0 20 
Dissolved South Carolina rock and lime..............-- 86 74 —12 8 
Checki(moiphosphate)aases-ees ene eee eee cee eee 97 77 —20 

Ground Tennessee rock ..........-...-------------2-e-s 98 91 ; — 6 14 
Groundshlepdarockeepsseueerene se eeee eee eaeee ESE mee 91 98 +7 27 
Ground gVareiniarockees Seteer ae ee ee Aer mineeeeeeree 100 100 0 20 
Precipitatedsphosphatens ones ses mae nee een isso meee 88 93 +5 25 


Apparently the greatest effect was produced by the Florida soft 
phosphate and the precipitated phosphate treatments. The Virginia 
phosphate (which, it 1s said, was largely a phosphate of aluminum) 
and the acid phosphate (without lime) came next with the same rela- 
tive increase. Contrary to popular belief the application of lime in 
connection with acid phosphate did not in this experiment appear 
to be beneficial. 

The Maryland station results as a whole may be said to indicate 
that applications of the relatively insoluble phosphates in a finely 
divided or precipitated condition increase crop yields as effectively 
in some instances as the more soluble phosphates. 


MASSACHUSETTS. 


In 1890 the Massachusetts station undertook an experiment? to 
compare the relative fertilizer merits of acid phosphate (dissolved 
bone black) and some of the less soluble phosphates when the various 
forms were applied in quantities ipprcsenaing at that time equal 
money values. 

The field selected for this experiment was quite level and had been 
used as a meadow up to 1887. The soil was a fair sandy loam, but 


1Mass. Agr. Expt. Sta., 8th, 9th, 10th, and 11th Ann. Repts. Hatch Agr. Expt. Sta., 
14th Ann. Rept. (1902). ; 
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said to be well worn. In order to exhaust the field still further of 
its natural fertility, corn, Hungarian hay, and legumes were grown 
in 1888 and 1889 without the application of any fertilizer whatever, 
but no attempt was made to determine whether or not the field was 
uniform. 

In the spring of 1890 the plots (1% acre each) were laid out and 
each one furnished annually with what were thought to be optimum 
quantities of potash and nitrogen. The following applications of 
phosphates were made to the various plots annually for four years: 
Plot No.1: Basic (phosphatic) slag________ (19.04 per cent P20;) =127 pounds 

ae OT Aye OU AN Oy eer ee a (21.88 per cent P20;) =128 pounds 
38: Ground Florida rock phosphate__ (21.72 per cent P20;) =129 pounds 
4: Ground South Carolina phosphate_ (27.57 per cent P20;) =131 pounds 
5: Dissolved bone black-=-___-_--__ (15.82 per cent P2O;) = 78 pounds 

In 1894 the phosphate applications were discontinued in order to 
study their residual effects but the potash and nitrogen applications 
were increased 50 per cent. A check or no phosphate plot was intro- 
duced in 1895, and the experiment continued until 1902 (12 years). 

In Table XX XVII the yields of the various crops during the en- 
tire period of the experiment are given. Apparently no details of 
the corn crop of 1898, and the oat crop of 1899, have been published, 
and the yields of the check plot during 1895 and 1896 could not be 
found in the records. 


TABLE XXXVII.—Yields per acre of various crops during twelve years of ez- 
: periment (1890-1901). 


Annual 


: nee applica- 
Fertilizer. tion per 


r Serra- 
acre. | Potatoes.| Wheat. della. Corn. Barley. Rye. 


1890 1891 1892 1893 1894 1895 


Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 


Baseisha tere te beh ks) 252 762 9, 600 2, 280 24, 420 9,960 2, 910 4,170 
MONA PUANOL 00025 sc5-s- 6-55-55 768 8, 490 2,040 26, 460 8, 286 2, 430 3,780 
Ground Florida rock. ........-. 774 9, 000 1, 290 16, 500 8, 082 1,740 2, 298 
Ground South Carolina rock.... 786 10, 980 2, 280 18, 660 8, 814 2,760 4,554 
Dissolved bone black........... 468 12, 720 2, 430 17, 520 7, 932 2,340 3, 750 
PONS PMALC meee eres. oe ha nete se csa|sseccds one |aeeetit. a calsecsineneeploctetniecge|Seaceaaenc Not given 
| 
1896 1897 1898 1899 1900 1901 
, ee 
Fertilizer oP DNCae 
S tion per A 
aie Soy beans| Turnips | Gorn. Gat Cab- Oats 


(beans). | (roots). 


Pounds. | Pounds. | Pownds. Pounds. | Bushels. 
ASICSIAD Vo casacceecec eb csccss 762 1, 524 11, 220 (3) (3) 1, 980 100 
MON a eiANO Se SEs. 5 eicleS oe acl 768 1,398 21, 930 (3) (3) 1,500 84 
Ground Florida rock. .........- 774 1,572 4,920 (3) (3) 60 67 
Ground South Carolina rock.... 786 1,512 11,790 (3) (3) 3, 300 95 
Dissolved bone black.........-- 468 1,482 9,714 (3) (3) 1, 560 79 


Mmpaitiesptitote 2 ibn os Not given} 4980} (3) |- (8) 48 87 


1 Phosphates applied during the first four years only. 
2The weights given represent cabbages which weighed over 24 pounds, 
3 No detailed yields given. 
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It will be seen that while dissolved bone black led for the first 
two years, during the remainder of the experiment several of the 
relatively insoluble phosphates forged ahead, phosphatic slag being 
first, South Carolina floats second, and Mona guano third. Florida 
ground rock phosphate, however, gave relatively poor yields when 
compared with the plot treated with South Carolina floats. 

In Table XX XVIII the average relative rank of the various 
plots from the beginning of the experiment, until it was discon- 
tinued in 1902, are expressed on a percentage basis. 


TaBLE XXXVIII.—Average relative rank of the plots treated with various 
phosphates* (equal money values) during the 12 years? of the experiment. 


Treatment. Per cent. 


Basic((phosphatic)islageessssecscee sense eeee ease ease 
Ground South Carolina rock 
Dissolved:.bone black.2 spas ss ss eke sect coer eae 
MOna fa One a= eee oe ese eae eee eee eee 
HMloridaphosphate rocket .-5 = esses eee sea seee cee 
INOS phosphates (Giyears) hess sosee eee ne eee center meee 


1 No phosphates applied after the third year. 
2 The crop of Swedish turnips grown in 1897 is not included, since it 
was damaged by disease. 

While the basic slag and ground South Carolina phosphate plots 
led all the rest in this experiment, the dissolved bone-black plot was 
not far behind. ; 

Brooks? considers that the phosphates in this experiment were ap- 
plied in a very irrational manner and in a way favorable to the rela- 
tively insoluble varieties, but even under these conditions he con- 
cludes that the data do not prove that the less soluble were more 
effective than the readily soluble phosphates since the yields from the 
Mona guano and Florida phosphate plots (particularly the latter) 
were materially less than that of the acid phosphate plot. 

While the writers feel that the data obtained are hardly sufficiently 
consistent to warrant a definite conclusion regarding the relative 
merits of the various phosphate carriers, nevertheless they are of the 
opinion that the method of applying phosphates in this experiment 
was considerably more logical from an economic standpoint than 
that employed in the subsequent experiment of the Massachusetts 
station upon which Brooks lays much greater stress. 

In 1897 a second experiment? was undertaken by the Massachu- 
setts station to test the fertilizer value of various phosphates when 
they were applied in such amounts as to furnish equal quantities of 
phosphoric acid to the soil. 


1Mass. Agr. Expt. Sta., Bul. No. 163, pp. 147-148 (1915). _ 
2 Hatch Agr. Expt, Sta., 10th Ann. Rept. (1898). 
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A summary and discussion of this experiment after 18 years’ work 
was published by Brooks? in 1915. 

The field selected for this experiment was fairly level, but while 
the soil as a whole was a medium silt loam, the plots varied somewhat 
in physical character. Moreover, the fertility of the various plots (as 
determined by a crop of corn grown the year previous to the appli- 
cation of fertilizer) was apparently not uniform. The field had been 
in grass for a number of years preceding the experiment, and had 
received annually moderate top dressings of chemical fertilizers. In 
1896, the field was plowed, divided into 13 plots of 4 acre each, and 
planted to corn without the addition of any fertilizer whatever, in 
order to determine the relative natural fertility of the various plots. 
The corn was cut green and weighed. Apparently there has been 
some confusion in the statement of the yields of corn obtained in this 
preliminary test, for in Public Document No. 33,? published shortly 
aiter the experiment was begun the yields obtained on plots 1 to 13, 
inclusive, are in the reverse order from those given in Brooks’s sum- 
mary of this experiment published in Bulletin No. 162. On account 
of this confusion the yields obtained in this preliminary test can not 
very well be taken into consideration in figuring the relative efficiency 
of the phosphate treatments. 

The various phosphates to be tested were applied in the spring of 

-1897, together with liberal amounts of potash and nitrogen. In 
1898, and again in 1914, all plots were treated with hydrated lime at 
the rate of 1 ton per acre, which was spread upon the plowed land 
and harrowed in. The annual application of fertilizer materials 
varied somewhat, the most important change being an increase of 
50 per cent in the nitrate nitrogen and the actual potash in 1901. 
Since that date the annual rate of application per acre has been 
91.2 pounds of nitrogen, 152 pounds of potash, and 96 pounds of 
phosphoric acid. 

In order that the less soluble phosphates might have their full 
effect “a stock of organic matter was maintained in the soil by turn- 
ing under heavy crops as follows: Winter rye in 1901, buckwheat in 
1912, and rye in 1913, and by introducing grasses and clovers, 1905 to 
1907, and turning under a heavy growth of grass in 1908.” 

Hopkins* considers that the supply of organic matter thus fur- 
nished was inadequate to meet the requirements of the crops and 
receive full benefit from the raw rock phosphate treatments. 

The following table taken from Bulletin No. 153, of the Massa- 
chusetts station gives the increases in yield of various crops (over 


1Mass. Agr. Expt. Sta., Bul. No. 162 (1915) 
2Mass. Agr. Expt. Sta., 10th Ann. Rept., p. 17 (1898). 
$]ll. Agr. Expt. Sta., Circ. No. 186, p. 13 (1916). 
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and above the check plots) obtained from plots treated with the 
different types of phosphates up to the close of 1914. 

In reporting these results Brooks discarded the yields obtained 
during the first two years of the experiment on the assumption that 
the difference in the natural fertility of the plots would be less 
strongly marked after two years of fertilization. It might be said, 
however, that if the same plan had been followed in the earlier 
experiment where equal money values of the various phosphates were © 
applied the average results would have been even more favorable to 
the less soluble phosphates than reported. : 

In comparing the crop yields in this later experiment each plot 
was compared with the check plots between which it lay and these 
checks were given a weight inversely proportional to their distance 
from the plot for which they served as a basis of comparison. 

The validity of such a method of comparison is based on the as- 
sumption that the variations in the fertility of a field are fairly 
regular. Other investigators consider that a comparison of the 
average yield of all check plots with each treatment is a much fairer 
basis on which to compute differences in fertilizer values. 


TABLE XXXIX.—Average increase per acre in corps produced on plots treated 
with different classes of phosphates (1899-191}4). 


Corn, 3 7 Onions, 2 
years, 1899 ay, 2 years, 1906, 1907. years, 1901 
1913, 1914.’ 2 Bs 1902.” ee 
Fertilizer. i903,” 
x Scal- 1908. 
Grain. |Stover.| Hay. | Rowen.| Total. | Sound. none 
Bush. | Lbs. Lbs. Lbs. Lbs. Bush. | Bush. Lbs. 
Natural mineral phosphates....| —1.06 | 318.87 | 398.30 |—131.00 267.30 |—30.60 | 10.76 | 9,817.50 
Basic slag and bone meals....... 8.03 | 905.50 | 615.55 97.33 712. 88 | 143.60 |—19. 23 | 21,026. €0 
Dissolved phosphates...........- 9.96 | 651.11 | 753.33 | 350.67 | 1,104.00 | 136.73 |—12. 56 | 18, 758. 60 
| Soy beans, 1 Potatoes, 1 
y beans, S, 
Hun- i r, 1910. r, 1910, | Oat and 

Oat hay,| garian Hnsiage ee ey alfalfa Ae 

Fertilizer. 1 year, eee year hay, 1 Weak 

1900. year, 4 i year ? 

1900. | 980 | Grain, | Stray. |S" | Total. 1901. | ss 

Natural mineral Lbs. Lbs. Lbs. Bush. Lbs. Bush. | Bush. Lbs. Lbs. 
phosphates......- 231.70 | 166.70 |—1, 638. 70 0.77 | 290.56 |—10.70 | —8.30 80. 00 91.70 

Basic slag and bone 
meals: 3-222 1,324. 40 |—222.23 | 7,608.90 4.09 | 794. 67 16.40 | 18.90 | 1,626.67 | 244.40 
Dissolved phos- 

phates. -.-%-22---< 1,520.00 |—253.30 | 7,361.30 3.87 | 776.00} 26.90] 29.50 | 1,560.00 73. 30 


It will be seen by dividing the phosphates 


into classes and taking 


the average yield of each class, as Brooks has done in his summary, 
the soluble phosphate plots on the whole surpassed all the other 
phosphates. Next in order came the so-called available phosphates, 
consisting of raw bone, steamed bone, and basic slag, and finally 
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the lowest average yields were obtained from the plots treated with 
the natural phosphates of Arkansas, Florida, Tennessee, and South 
Carolina. 

It seems questionable to the writers, however, if this method of 
grouping the various phosphates is altogether fair. By referring 
to Table XL it will be seen that the yields from the Florida soft 
phosphate plot were in many instances poor when the yields from 
the other raw-rock plots, particularly the South Carolina rock plot, 
were good. By grouping Florida soft phosphate with the-South 
Carolina and Tennessee phosphates the average yield for raw rock is 
seriously affected. 

Neither does the placing of dissolved bone meal, acid phosphate, 

and dissolved bone black in one group appear quite fair, since the 
first-mentioned material contains appreciable quantities of nitrogen, 
and in nearly every instance the yield of this plot exceeded the other 
soluble phosphate plots by a considerable inargin. 
In order that the reader may obtain a clearer idea of the value 
of each fertilizer treatment the writers have compiled the following 
table from the reports of this work as given from year to year 
during the entire period of the experiment. Full details of yields, 
however, are not given in the reports for the years 1898, 1899, 1900, 
1905, 1908, 1909, 1911, and 1912. 
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By studying the detailed yields obtained during the 18 years of 
this experiment it will be seen that the method of computing fer- 
tilizer values used by Brooks, namely, comparison of the treat- 
ments with the nearest check plots, is distinctly favorable to the 
plots receiving soluble and so-called available phosphates, since 
these plots lie closer to the check giving lower yields. As far as the 
figures are complete in detail, the plots treated with South Carolina 
and Tennessee phosphate exceeded in yield those treated with acid 
phosphate in eight out of nine and six out of nine cases, respectively. 

'In view of the fact that the difference between the yields of the 
check plots in this experiment are in many instances much greater 
than the differences between the yields of the treated plots, the 
drawing of rigid conclusions concerning the value of the different 
types of phosphates hardly seems warranted. Neither of the two 
long-time field experiments co1.ducted by the Massachusetts Station 
appear to warrant a definite conclusion concerning the relative 
merits of raw rock and acid phosphate. Under the conditions of the 
first experiment (where equal money values of the two forms of 
phosphoric acid were applied) the results indicate that raw rock 
was more effective than acid phosphate. In the second experiment - 
(where phosphoric acid was applied in various forms at the same 
rate) the results may be interpreted as favorable or unfavorable to 
‘raw rock phosphate depending on the method employed in compar- 
ing the yields with those of the check plots. 


MISSISSIPPI. 


The first field work with raw rock phosphate conducted by the 
Mississippi station was described by Ferris? in 1906. Owing to the 
short duration (one year),? this experiment as well as six others? 
which were conducted for periods of from one to four years are not 
considered in detail in this bulletin. 

In 1911 Ferris‘ reported the results of six years’ work with fer- 
tilizers on cotton at the McNeill branch station, and early in 19125 
gave the results obtained during six years of field work on corn and 
cotton. 

The fields on which these experiments were conducted are de- 
scribed as nearly level and as uniform as possible. The soil, it is 
said, was typical of the pine lands in south Mississippi. The plots 
were one-twentieth acre in size, and the treatments on each crop were 


1Miss. Agr. Expt. Sta., Bul. No. 94 (1906). 

21t is stated that this experiment was continued for four years but details are given 
for one year only. 

8 Miss. Agr. Expt. Sta., Buls. Nos. 110 (1908) ; 122 (1909) ; 155 (1911) ; 158 (1912); 
161 (1913) ; 169 (1914). 

Miss. Agr. Expt. Sta., Bul. No. 155 (1911). 

5Miss. Agr. Expt. Sta., Bul. No. 158 (1912). 
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made in triplicate, the plots being so distributed as to reduce to a 
minimum the errors due to inequalities in the soil. Each plot re- 
ceived annually the same kind and quantity of fertilizer material. 

In the case of the corn, cowpeas were grown as a catch crop in the 
field. It is not stated whether this latter crop was turned under or 
not. The results of these experiments are given in Tables XLI and 
XLII. 


TasLE XLI.—Yields of shucked ears of corn (per acre) obtained at McNeill 
branch station for 1907-1911, inclusive. 


Yield per acre of shucked ears. 


Plot Applica- 
num- Fertilizer. tion : 
ber. Per acre. | — 1996 1907 1908 1910 | 19111 
a Pounds. eee Zee Pounds. | Pounds. | Pounds. 
1 | Check....-.-.------++---+-222--+--]----+-2--- 5 66 560 793 
2 | Cottonseed meal.......25....2.---- 100} 1,699 740 446 860 1, 408 
3 | Acid phosphate..........---------- 100 2,037 1,380 846 840 1, 880 
4 Rett Seen i OE ae a 1, 339 713 173 520 1,072 
5 {Reid-phosphater 2222] too ff 886] 4200] 4,073) 1,220) 4,702 
3 Be ee eae 7} 
ral Cars ete 1 AE too f L944] 1,466] 1,200} 1,360} 2,000 
Cottonseed meal.......-..--------- 100 
Acid phosphate..........---------- 200 \ 1, 807 1, 306 860 1, 380 1, 712 
Cottonseed meal.........-.--.----- AGO ees Sees Cat eee eel 1.073 1. 400 
\eronma rock phosphate...........- TIE aged, Ae bal eg EM ? 7 FU |. 2 eee e eee 
avisuound bone Saas eee es te 10 2, 094 11s GPA Rone race CRN, Ale Pent aie 
Cottonseéd meal............-.-.--. 
12 |} Reverted phosphate........-.----- 400 } 1,900 1,473 |...-..----|.--------- 2, 020 


1 Fertilizer applications doubled in 1911. 
Nore.—Crop of 1909 was a failure. 


TABLE XLII.—Yields of seed cotton per acre obtained at McNeill branch station 
for 1907-1911, inclusive. 


Yield per acre of seed cotton. 


Plot Applica- 
num- . Fertilizer. tion 
_ ber. per acre.) 199g | 1907 | 1908 | 1909 | 1910 | 19111 


Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 


TEI) TO eee EH SMa caramel ue cate Aes IeeSay ees Cal geaal 480 220 110 153 20 30 

2 | Cottonseed meal........-.-.-.-:----- 100 760 436 376 400 90 63 

3 | Acid phosphate............-.------- 100 800 514 744 480 366 166 

4] Kainit.........- LR ees i 00 620 300 274 186 | 34 8 
Cottonseed meal......-.-.-.-.-----.- 00 

inet phosphate 020000000000 100 \ 1,060] ots] es) 513] 326] aga 
Cottonseed meal.......----.-.------- ‘00 

etd phosphate, .ococccroratsss 100 \ 1,010] 756] 684) 620) 306} 370 
Cottonseed meal........--.--------.- 00 

8 Reid phosphate, 00000002020200000 200 \ 1,000) 666} 636] 480] 254 340 
ottonseed meal........-.-..-------- 0 

10 Ground rock phosphate--....--...... 100 \ 840 510 |..--.--- 520 |.-.-.... 220 

11 | Raw ground bone Sa Shs ot eae aa HOO a] keel ees Tats 1203) | acne s setheee elses 

Cottonseed meal........---.--.------ LOO Lesee Eeiee yess 
12 Reverted phosphate...........-..... MO eit ae ees \ 680 |...-.--- 460 |...---.. 


1 All applications of fertilizer doubled in 1911. 


In these experiments the ground raw rock phosphate was applied 
in such relatively small amounts that little effect could be expected 
from its use. The yields of corn obtained from the raw rock cotton- 
seed meal plot in 1908 and 1910, however, compare very favorably 
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with the yields from the plots receiving mixtures of acid phosphate 
and cottonseed meal, and in every case the phosphate-cottonseed-meal 
mixtures gave substantially greater yields than the cottonseed meal 
alone. 

_ The yields obtained in the cotton experiment, however, were more 
favorable to acid phosphate than to the raw rock, but the plots 
treated with the latter phosphate mixed with cottonseed meal gave a 
greater yield than those treated with cottonseed meal alone. 

It may be said that while these experiments give a very limited 
amount of data on the fertilizer value of raw rock phosphate they 
indicate that even light applications of this material when supple- 
-mented with cottonseed meal may produce substantial increases in 
the yield of corn and cotton. 

Of the nine field experiments with raw rock phosphate conducted 
by the Mississippi station only two were continued beyond four 
years. - In these two the applications of the ground raw rock were so 
hight that results can hardly be considered indicative of the value of 
this material. In practically all of the experiments, however, plots 
receiving raw rock phosphate, either alone or in combination with 
other fertilizer materials, have shown substantial increases over the 
check plots with which they were directly comparable. 


MISSOURL. 


The Missouri station advised the use of raw rock phosphate in 
1905+ and 1910,? but it was not until 1914 that any data obtained 
from field work was published by this station. 

In an experiment described by Miller, Hutchison, Douglass, and 
Hudelson,? a study was made of the effect of various fertilizer treat- 
ments on both drained and undrained land in a four-year rotation 
of corn, oats, wheat, and cowpeas (with cowpeas grown and turned 
as a catch crop between the regular crops of the rotation). 

The field selected for-this experiment was a 10-acre tract of very 
level poorly drained prairie land lying one-half mile west of Van- 
dalia. The soil was a dark-gray silt loam 7 to 9 inches in depth un- 
derlain by a silty clay. The field was divided into two equal parts 
and one half tiled and the other half left untiled. Each half was 
then divided into seven plots of seven-tenths acre each, running cross- 
wise of the drained and undrained areas. The corresponding plots 
in each area were then treated as follows: Manure at the rate of 8 
tons per acre, and raw rock phosphate at the rate of 600 pounds per 
acre every four years before corn, bone meal 150 pounds per acre, 
and potassium chloride 50 pounds per acre, twice during a rotation. 


1Mo. Agr. Hxpt. Sta., Circular of Information No. 22, p. 25 (1905). 
2Mo. Agr. Expt. Sta., Bul. No. 84, p. 33 (1910) ; Bul. No. 86, p. 91 (1910). 
3 Mo. Agr. Expt. Sta., Bul. No. 118, 448-475 (1914). 
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Lime was also applied at the rate of 2,000 pounds per acre every 
four years. The first fertilizer applications were made in 1908, but 
in 1907 a crop of cowpeas was grown on the entire tract in order to 
compare the drained and undrained areas. 

The results of five years’ work with the fertilizer treatments men- 
tioned above are given in Table XLIII. 


TABLE XLIII.—Yields of corn, oats, wheat, and cowpeas obtained on tiled and 
untiled land at Vandalia, Mo. (1908-1912). 


Yield of various crops per acre. 


Appli- 
eriilivart ae Corn (1908). Oats (1909). Wheat (1910). 
acre. 
: Un- . Un- . Un- 
Drained.| grained. | Prained-| grained. | Prained-| grained. 
Tons 
Manure; 2c oeesceecueseeeces =< ih : 
Pande Bushels. | Bushels. | Bushels. | Bushels. | Bushels. | Bushels. 
Rock phosphate..-........----. 1 600 33.7 31.6 63.0 54.8 16.4 11.9 
Ogee ye sen eeeiac coe oe emeeaeeees 
Manure: ; onc eneectoes oe ae 8 
Hy Pe oan naar ee \ 34.4 26.5 58.5 57.4 12.4 10.2 
DOgseeehes ct ceec ce eee ee aes leceseaecee 31.6 26.3 56.9 52.2 9.0 5.1 
DON steesones CSAS IGE Soe 
ae pnen a iecreresren a = eies \ 33.9 31.8 52.6 45.5 12.4 9.6 
TGS PUNE! Bieter ett sineicies elaine meice| (ee see aeae 
iBone med let pes se eee ee 2150 37.1 28.6 52.9 47.6 11.9 7.3 
Potassium chloride...........-- 250 
Novfertilizerceey isc see oc ELBE ee 32.4 25.5 47.9 38. 8 8.5 4.5 
Legume. geaaneier ta ances ee 
Bone micalwss eee eee an ceesae ee 2 150 
Potassium chloride... 12.22.12. 250 38.2 31.0 56. 2 51.1 10.2 10.2 
AMOS aa soso eine See ese ceweee 2, 000 
Yield of various crops per acre. 
Applica- 
Fertilizer. tion per Cowpea hay (1911). Corn (1912). 
acre. 
Drained. | Undrained.| Drained. | Undrained. 
Tons 
Manuree sce ieee ccenpaces slsncnecaseecane 18} 
Pounds. Pounds. Bushels. Bushels. 
Pounds 
Rock phosphate 1,372 1, 467 47.8 43.6 
Legume 
Manure........ 
Legume....... 1, 227 1, 199 44.9 41.0 
IDRBAP 2,018 1,171 40.6 33.2 
Dosa his ee ee eee Aes = x 
Boas meal 1, 772 1,691 43.6 41.7 
WHOS ING Se yee te ee seas Chae se Ses eee ae le ee ears 
Bone Mealy vez esa be ses decisis aoc eee 2150 | 1, 603 1, 548 44.5 40.8 
IP OLASSHIMMe MOLL eae memento eee noe ce nee 250 
Notfertilizerse as eect See 2 ee! Sees Tl ie ee 1, 492 1, 152 42.9 40.8 
Le e. Geass Ae Tee STAGT TIT OTT ER EE ; 
Bonemneale Ve ae ste cece ce oewesecoee se 2150 7m 
Potasstum! chloride. pose acs cn ceeowocwousen 250 1,949 1,315 47.2 52.6 
Ibimes 4 seh sees ose ates oases 2, 000 


1 Once every four years. 2 Applied before corn and again before wheat. 
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Not only was no comparison made between raw rock phosphate 
and the acidulated phosphates in this experiment, but no strict com- 
sarison can be made between the plots treated with raw rock and those 
receiving bone meal, as in every case the two forms of phosphoric 
acid were used in conjunction with different fertilizers. The plots 
(both drained and undrained) which were treated with raw rock, 
manure, and a legume, however, showed substantial increases in yield 
over those receiving only manure and a legume (except the drained 
corn plot in 1908, and the undrained oat plot in 1909). 

Miiler, Hutchison, and Hudelson* described four other experi- 
ments in which an attempt was made to study the relative fertilizer 
merits of raw rock phosphate and steamed bone meal in four-year 
rotations. The experiments were conducted on four series of plots 
so that each crop was grown every year. The work was carried on at 
the following places: Jasper County, near Carthage; on the High 
Hill experiment field, Montgomery County; on the Hurdland ex- 
periment field, Knox County; and on the Laclede experiment field, 
Linn County. 

The Jasper County experiment? was conducted for a period of 
only four years and is therefore not repeated in detail but the indi- 
cations were that raw rock was quite effective when used in conjunc- 
tion with manure, the average yield of these plots leading all others, 
with the exception of the average yield of wheat on the plots treated 
with lime, bone meal, and potash. In this experiment also there was 
no comparison made between acid phosphate and the less soluble 
forms of phosphoric acid. 

The experiment field at High Hill,> Montgomery County, Mo., is 
located “on a slight ridge which slopes considerably to the west 
from the center of the field, with the east one-fourth sloping slightly 
to the east. In neither case is the fall sufficient to cause the land to 
wash badly.” The field had been cropped to corn and oats for about 
twenty-five years, being in corn about two-thirds of the time. The 
soil is a gray silt loam grading into a dull gray silt below, which 
becomes heavier with depth, and interferes somewhat with the under- 
drainage. The soil is low in nitrogen, but fairly well supplied with 
phosphoric acid and potash. The plots were one-fifth acre each, 
and were laid out lengthwise across the slope. The experiment 
which was begun in 1907 was continued to 1913 (seven years) in a 
four-year rotation of corn, oats, wheat, and clover, but some of the 
crops were apparently not weighed. During the last year of the 

1Mo. Agr. Expt. Sta., Buls. Nos. 119, 126, 127, and 128. 


2Mo. Agr. Expt. Sta., Bul. No. 119, pp. 3-17 (1914). 
3 Mo. Agr. Expt. Sta., Bul. No. 126, pp. 326-333 (1915), 
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experiment, however, three out of four of the series of plots were 
planted to corn in order to determine’ the effect of the accumulation 
of fertility from previous treatments. The average results of seven 
years’ work are given in Table XLIV. 


TasLE XLIV.—Average yields of corn, oats, wheat, cowpeas, barley, and clover 
hay in a 7-year experiment at High Hill, Mo. (1907-1913). 


Corn, | Oats, |Wheat,}| CO” | Bar | clover, 


8 crops.| 5 crops.| 3 crops. ere ion 


Fertilizer. Application per acre. 


Bushels.|Bushels.|Bushels.| Pounds. Bats Pounds. 
27.1 31.0 8.5 PVT gr Ao: aoe 


\ 32.7 40.6] 21.5| 2,057 EE NA 


34.3| 34.8| 20:7] 1,943] 7.5 950 
34.0] 33.9] 22.2] 1,595| 7.5 975 
Pits ea a (UB KC ae Poy el ics Sm Reed oe 
33:0)|. 97.9] azie| wea} (327421: 
\ 34.7 |-» 30/04:> 17. 2:\%.2;0gth be ie Blaser 


| 
36. 4 33.9 20.5 | 1,775 Si2h Si dcecee 


WELT Goce 5-5 cog scnssne-|52525025-Sneesessssecsc2s552 | 


38.7 37.6 20.6 | 1,717 9.4 1, 275 


1 Application made every two years. 
2 Application made every six to eight years. 
3 Application made every four years. 

As in the case of the other two Missouri experiments no strict com- 
parison can be made between the plots treated with bone and those 
receiving raw rock phosphate, but the indications are that the reen- 
forcement of manure with the latter material was quite effective. 

The experiment field near Hurdland,t Knox County, Mo., “slopes 
slightly to the east and to the west from the middle driveway, giving 
only fair drainage.” The soil is a dark-gray silt loam about 10 
inches deep, which grades into heavier silt loam and finally into clay 
loam. According to the chemical analysis the soil was well supplied 
with potash and phosphoric acid, but low in nitrogen. The field 
had been in corn and oats for four years preceding the experiment, 
and previously had been in meadow. The field was laid out (like the 
three just described) in four tracts (A, B, C, and D) of eight plots 
each, the corresponding plots in each tract receiving the same fer- 
tilizer treatments. A four-year rotation of corn, oats, wheat, and 
clover (with cowpeas substituted when clover failed) was followed, 
each crop being grown on a different tract each year. The general 
plan of fertilizer treatment and the results of eight years’ work 
(1907-1914) are given below in Table XLV. 


1Mo. Agr. Expt. Sta., Bul. No. 127, pp. 362-370 (1915). 
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TABLE XLV.—Average yields of corn, oats, wheat, clover, cowpeas, and oat hay 
in an 8-year experiment at Hurdland, Mo. (1907-1914). 


Corn, | Oats, | Wheat,|Clover,| CoW- | Oat 


peas Hay, 
8 crops.| 6 crops.| 6 crops.| 3 crops. 1 crop. 1 crop. 


Fertilizer. Application per acre. 


Bushels.|Bushels.|Bushels.|Pounds.| Pounds.| Pounds. 
29.3 27.9 14.4 3 


Pesaine TOL Sees ea | ee a A 2, 500 i ; 
¢ Ce ae le elena a eee ere Stelnia biniaraiS alnielele @inlonlewierelal = 
Borcaneal . 31.2 18.1 | 3,213 | 7,150 4,150 
LE HEARETGS Sep Be ERs SS ES a i an ere 
Bone meal a 35. 2 18.0 | 3,775 | 5,850 4,650 
LUST oe Soe ae ae 
Bone meal 
TTD eee eae 34. 3 17.1} 4,116] 6,100 4,050 
Potassium cholride 
No treatment Ble ade 26.9 13.7 | 2,741} 4,200 2, 200 
Manure......- ae a 2 31.6 17.7 | 3,341 | 3,525 3, 225 
Doweea aa s: ia ; 32.0] 17.2} 3,241 | 5,450} 3,700 

Rock phosphate. _ 

AMURO=c- See eee ckk 
Rock phosphate 25, 35.7 18.5} 3,300] 4,150 3,500 
IBCPGMeLe .-  stisoos. Be aee | me nitele nee aeons ee sce tee 


ie eee ee 
3 Applications made every four years. 

In the Hurdland experiment the addition of phosphate rock to 
manure seemed to have little effect, except in the case of cowpeas and 
oat hay, where the yields were considerably greater than on the plots 
receiving manure alone. Bone meal also seemed to be more effective 
on these same crops, but as in the case of the other experiments the 
data are such that no rigid conclusion can be drawn from a compari- 
son of the results as to the relative value of the two forms of phos- 
phorie acid. 

The fourth experiment, similar in most respects to the three just 
described, is being conducted near Laclede, Linn County, Mo. The 
last published report! gives the results obtained after eight years’ 
work in a four-year rotation of corn, oats, wheat, and clover (sub- 
stituting cowpeas when the latter crop failed). 

The field is located on gently rolling prairie land. The soil is the 
typical Shelby loam, which consists of a dark-brown loam to fine 
sandy loam, changing at a depth of about 10 inches to a light-brown 
or grayish-brown loam. The subsoil below 18 inches is a light-brown 
stiff sandy clay. According to the analysis the phosphoric acid and 
nitrogen content of this soil was rather low. The field was laid out 
in four tracts, each tract being subdivided into eight plots, as in the 
case of the three experiments just described. The fertilizer applica- 
tions were the same as in the Hurdland experiment. 

The results of eight years’ work on the Laclede field are given in 
Table XLVI. 


1Mo. Agr. Expt. Sta., Bul. No. 128, pp. 388-394 (1915). 
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TaBLe XLVI.—Average yields of corn, oats, wheat, clover, and cowpeas in an 
8-year experiment at Laclede, Mo. (1907-1914 ). 


ut Pp Corn, Oats, .| Wheat Clover, | Cowpeas, 
Fertilizer. Application per acre. | ¢ crops. | 6 crops. | 6 crops. | 2 crops. | 4 crops. 


Bushels. | Bushels. Buchs Pounds. | Pownds. 
32.6 28.3 970 


OC tING esate nce ee eee eee cecraiceeeaecssaneenianeice hb . 
Ose cans Sos ee See os se bocteccasecee senses \ 39.1 35.3 16 3 4,540 3,377 
Bone meals: bss ks 150 pounds! ...........- 3 
MEO SUMO: fares tec oan coe (nee deen ecco See eee tent s 
mene Meal. se Peacsee eke 150 pounds ase eeeen ae 43.3 37.3 16. 2 4,650 3,604 
ING ok ees tb dows ose Mtone ss 252222 ch sae ctele 2 
MOSUMEn 2 se cc oueoe cele gone rec aw3-sacoscenoene es 
A ee epee SS crea as 7 a 46.1] 40.3] 19.9] 4,940] 3,582 
Potassium chloride........ (0) FXO UC EY ee insoodee 
Noitreatment 22 toh 2 sosned| octet acoeeosecueeciseess 36.1 32.7 13.1 3, 426 2,396 
Monure: AWE Esch bes Fe ot E Sitons'siciso ssh eee 8 47.2 35.6 14.9 3,104 2,637 
Seta tute ates ates StONSS Ae tech cos eens 
Rook «phosphate. strctetd| Simaeamee 47.5 35.1 14.5 3, 560 3,116 
SSS Ree el | Oe SO a 
Rock} phosphate. cc ..| 500 pounds ‘“s 45. 8 35.0 14.3 3,670 3,277 
gume. . se eR oes SMa gd bee dowee 


> SHS eee pee 
8 Applications made every four years. 

4 Applications made every four years, but in 1913, the rate was inceased to 1,000 pounds per acre. 

The results obtained on the Laclede field are in a general way 
similar to those obtained at Hurdland, namely: The reenforcement of 
manure with phosphate rock apparently had little influence on the 
former’s effectiveness, except in the case of the clover and cowpea 
crops. On the other hand, plots treated with bone meal in connec- 
tion with a legume produced considerably better average yields of all 
crops than plots receiving the legume treatment only. 

As in the case of the three previous experiments, however, no strict 
comparison between the bone and raw rock phosphate plots is pos- 
sible, and since the yields of the various crops in the individual years 
are not given, the residual effect of the ee ae treatments can not 
be determined. 

Four out of five field experiments with raw rock phosphate con- 
ducted by the Missouri Experiment Station cover a period of over 
five years. Two out of the four experiments reported in detail show 
increases resulting from the liberal use of raw rock phosphate in 
connection with organic matter. The other two show little or no 
benefit from applications of this material. No attempt was made in 
any of these experiments to compare the fertilizer value of raw rock 
and acid phosphate. 


NEW JERSEY. 


The first work of the New Jersey Experiment Station? on raw 
rock phosphate consisted of a series of cooperative experiments con- 
ducted by farmers in different sections of the State. Most of the 
experiments were conducted for one year only, and while several 


in. J. Agr. Expt. Sta., 6th, 7th, 8th Ann. Repts., 
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farmers continued their experiments for two years, the published 
reports show that different fields were employed the second year. 

Three other series of field tests were published by the New Jersey 
Station in 1913,1 but none was conducted for more than 2 years, so 
they do not warrant repetition. 

In 1913, however, the New Jersey station carried on two pot experi- 
ments in cooperation with the basic slag committee of the Association 
of Official Agricultural Chemists.2, The purpose of this investigation 
was to test the availability of the phosphoric acid in basic slag in 
comparison with other phosphates. Experiment No. 1 was conducted 
in pots holding 20 pounds of clean white sand practically free from 
any fertilizer elements. In experiment No. 2 pots were employed 
holding 18 pounds of gravelly loam, poor in nitrogen and organic 
matter, and containing about 0.07 to 0.08 per cent of P.O, soluble 
in strong hydrochloric acid. Nitrogen, potash, iron, and sulphates 
were supplied to each pot. The phosphates were applied in such 
quantities as to furnish equal amounts of phosphoric acid, except 
the ground raw rock which supplied twice the quantity of phosphoric 
acid furnished by the other phosphates. Each treatment was run in 
duplicate, except the checks of which there were four. The crop 
grown was buckwheat which was harvested when the grain was be- 
ginning to ripen. The results of these experiments are given below 
in Table XLVII. 


TABLE XLVII.—Yields of buckwheat obtained in two pot experiments with pure 
sand and with gravelly loam treated as outlined below. 


Experiment No. 1. Experiment No. 2. 
me pplication 
Fertilizer. per pot. | wo: 4 | 
Weight | + Increase Weight | Increase 
oicrop. ovyerchecks.; ofcrop. joverchecks. 
| 
Grams. | Grams. Grams. Grams. Grams. 
MNGIDHOSPHALG nana e oe cee n ee cclcen cle cmes|-co ecco We SOn eae Sctcew ante D242 10) ese eee cer 
Acid AGS OEETR =< Son eodascone HECOCeOOBBaOe 5.82 16.10 13.50 30.35 6.77 
SGN PHOSPUALC so aos s. recess onicis~ccecde 4.97 3.30 -70 29.65 6.07 
PS ASICS AP EAG eee ces occcicce css cticncecenes 5. 67 14.15 11.55 31.15 7.57 
ISHSIGISIACIB ck ees ccc ccccecccessccecencce 5.45 16.50 13.90 35. 20 11.62 
IAGICISIAGI CO acne tens cc ccccaccsccocecaesees 7.79 14.95 12.35 27.80 4.22 
BEGIC SIRS IDA O eee se sae e ae ee an area 6.54 15.35 12.75 33.35 9.77 
BIE LOCK PHOSPNAlC....ccc-ceccccerceeoce 7.05 9.85 7.25 24.40 82 
Double superphosphate.................-- 2.24 17.75 15.15 31.70 8.12 
BORD HOSPHALON Sh cme) cae cecincscecceeocecc|ssoscessenes D2 SOn aces aceceee 2300) soeesiteieiees 


1 Average of two pots. 


In experiment No. 1, where the crop was grown in pots containing 
pure sand to which the same amounts of sodium nitrate, potassium 
sulphate, etc., were added, the water soluble phosphates produced the 


IN. J. Agr. Expt. Sta., 34th Ann. Rept. (1914); 35th Ann. Rept. (1915). 
?N. J. Agr. Expt. Sta., 34th Ann. Rept., 481-484 (1914). 
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largest yields, closely followed, however, (and in one case equaled) 
by the basic-slag pots. The raw rock phosphate pots produced an 
appreciable increase in yield over the no-phosphate pots, but far less 
than any of the other treated pots except those receiving sodium 
phosphate. This latter compound, it is said, seemed to have a toxic 
effect. 

In experiment No. 2, where a soil was employed, the raw-rock pots 
gave little or no increase over the checks, while those treated with 
basic slag produced in most instances greater yields than the acid 
phosphate pots. 

The data obtained in these pot experiments, however, are of such 
limited value (owing to their short duration, and also to the fact 
that only a single crop was tested) that the writers have hesitated to 
present them, but as far as they go they indicate that liberal appli- 
cations of phosphoric acid in the form of acid phosphate and basic 
slag were superior to twice the quantity in the form of raw rock 
phosphate. 


NEW YORK. 


The first three experiments? conducted by the New York Experi- 
ment Station with raw rock phosphate as a fertilizer were of such 
short duration and the data presented are so limited that they are 
not considered in detail in this bulletin. 

In some pot or greenhouse experiments conducted by the Geneva 
station from 1896 to 1900 sufficient data are given to warrant a repe- 
tition of the figures and a discussion of some of the details. 

The soils in which the plants were grown in the several experi- 
ments were as follows: 

In 1896-97 a natural sandy pine land soil, supposedly poor, was 
used (110 pounds per box). In 1898-99 quartz sand containing from 
99.5 to 99.7 per cent SiO, was employed (46 pounds per box with 12 
pounds of coarse material for drainage). In 1899-1900 for some 
crops the same sand which had been used during the previous year 
after removing roots and organic matter and for some crops an equal 
quantity (46 pounds) of fresh sand. 

Adequate quantities of readily available nitrogen and potash car- 
riers were added in each case and the same amount of phosphoric 
acid was added to each can or box in the forms given in the table. . 
The effect of these phosphates on the yield of several orders of plants 
was studied by running each treatment in duplicate. 


iN. Y. Agr. Expt. Sta., 7th Ann. Rept., pp. 356-363 (1889); 8th Osan Rept., pp. 
256-258 (1890) ; Cornell Buls. Nos. 143 (1898) ; 166 (1899) ; 182 (1900) ; 201 (1902). 
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TasLeE XLVIII.—Yields of certain crops obtained in pots containing 110 
pounds of poor sandy soil treated with available nitrogen and potash, etc., 
and various phosphates. 


Applica- Yield (1896-97). 
Fertilizer. ton et 
per pot. | Oats. Rye. Beans. | Vetch. |Cabbage.| Rape. 


Grams. Grams. Grams. | Grams. Grams. Grams. | Grams. 


Aemophospuale-s5o2 occ ese a 93.5 226.8 | 22.4 111.2 B® 61.4 
Florida rock (floats)..........-.- 4 85.7 205.5 | 13.8 85.7 53.0 Beez 
PRHOMASS AoHe Foo se ccessckees 4 115.1 212.0 14.8 98.8 54.8 60.7 
Redonda phosphate...-........ 4 93.0 215.0 | 16.9 7.6 53.2 59.5 
GE ROSDHALO Asser seas uc ses of seuceece<s 90.7 194.0 13.3 79.3 53.0 45.8 

6 13.0 11.4 


No fertilizer (of any kind)....-.. | Cheep he cathe 83 39.5 11.1 75. 


TaBLE XLIX.—\Yields of ccrtain crops obtained in bores containing 46 pounds 
of pure sand (99.6 per cent SiOz), treated with available nitrogen and potash, 
etc., and with various phosphates. 


Yield of ‘ 
ae ield of crops (1898-99) 


Sen SS eS 
per 


: fas Toma-| Cab- 
box. a Millet.| Oats. | Clover.| Vetch. toes. | bage. Rape 


Form of phosphate. 


Grams.| Grams.| Grams.| Grams.) Grams.) Grams.| Grams. Grams.| Grams. 


Acid phosphate.-..--.....--- 3] 189.6 29525 ae2tO) Zul aoS: 88.5 58. 7 82.2 91.4 
Florida rock (floats)........- 3 9.3 Bs 9.1 2.6 31.8 1.8) 645 72.3 
pbhomasisiagnn 2622.2. 5. 526. 3 181.4 8.8 198.9 74.0 67.5 48.4 80.0 98. 4 
Redonda phosphate..-...---- 3 150.1 14.4 170. 2 37.1 61.9 Slaw) 65. 4 74.9 
No phosphate 2d SE See ae ROOe Ee aae 7.9 1.2 6.8 2.4 OE fal ee See 5 .8 
No fertilizer (of any kind)-..)-....--- 10.9 vat 10.0 4.5 OL SM asses 3.6 3.4 


TapreE L.—Yield of certain crops obtained in boxes containing 46 pounds pure 
sand (99.6 per cent SiO.), treated with available potash and nitrogen, etc., 
and with. various phosphates. 


Yield of crops (1899-1900). 


Form of phosphate. cation 


pox. | Barley.| Peas. | Vetch. | Loma | Cab- 


toes. bage.1 


Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams 
mciguphosphate 2-222. 625-25 ec cise 1.5 34. 2 19.8 9.6 THES 38.3 29.3 
Wierda rock (floats) .--..---------2-n=- 1.5 8.8 12.5 428) |eeio= sae 46.0 28.1 
PUN GIMASSIAC ee sea nce eee cece ee 1.5 21.1 15.9 8.1 8.4 45.8 |- 10.9 
Redonda phosphate....-.......-..-.-- 1.5 18.6 3.8 8.3 7.6 20. 0 17.1 
IN [PGSCURD 2 | ope gaa siecoenoesoe 4| peeseacce 6.8 Uoul Le Op eee esos eee ces ose ascension 
No fertilizer (of any kind)-...-........: ¢ ociseenee 4.9 3.7 20S a sasste alesse cee ee eee 


1 Cabbage and rape were grown on the sand used the previous year to which 4 grams of P20; were added 
in the various forms given above. 


A study of Tables XLVIITI, XLIX, and L will show that the cru- 
ciferous plants (cabbage and rape) seemed to utilize the phosphoric 
acid of raw rock phosphate almost as well as they did the more solu- 
ble forms, but that nearly all the other plants gave greater yields 
where they were treated with acid phosphate. In Table LX VIII, 
where a sandy soil was used, the difference between the soluble and 
insoluble phosphate pots was not so marked, owing in part no doubt 
to the fact that the soil originally contained phosphates. In the 
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other two experiments, however, the sand used contained no phos- 
phate, except that added and it is rather surprising that such addi- 
tions of raw phosphate as were made, applications supplying from 
0.008 to 0.014 per cent of phosphoric acid, which is less than that 
contained in a soil abnormally low in this element, should have 
proved so effective, particularly in the absence of organic matter. In 
order to test the influence of fine grinding on the availability of raw 
rock phosphate and bones two pot experiments were conducted under 
the direction of W. H. Jordon? of the Geneva station. In one of 
these experiments (1899-1900) 58 pounds of pure quartz sand per pot 
were used to which no organic matter had been added, and in the other 
(1908-4) 43 pounds of sand per pot were employed to which about 3 
per cent of dried ground sphagnum moss was added. In both ex- 
periments all the pots except the blanks were supplied with the nec- 
essary fertilizer elements, the phosphoric acid, however, being 
applied in the forms of acid phosphate, bone, and ground raw rock 
of various degrees of fineness. 

In the first experiment three successive crops of rape were grown 
without renewing the phosphate treatments for the second and 
third crops, but the barley was grown in a separate set of pots. In 
the second experiment the crops grown were peas, barley, and rape, 
but each in separate sets of pots. The plants in every instance were 
allowed to attain the fullest development possible under the condi- 
tions. They were then harvested and weighed. The results ob- 
tained are given in part in Table LI which is compiled from two 
tables taken from Bulletin No. 358, of the Geneva station. 


Taste LI.—Box experiment to test the effect of raw rock phosphate of various 
degrees of fineness on different crops; boxes contained 46 pounds each of pure 
quartz sand supplied with all fertilizer elements. 


1899-1900 1903-4 


Treatment. of F205! Rape, | Rape, | Rape 


ee first |second| third | Barley.| Peas. | Barley.| Rape. 
: crop. | crop. | crop. 
Grams. |Grams. |Grams. | Grams.| Grams.| Grams.| Grams.| Grams. 
1 ea te ee eee Sear tac SEB OROCS SaaS ene ee cl TS een od SonesAD closuSe ean lnomeeo ae 8.4 IDEN eaesoe S 
Acidsphosphateneeeeeeeereeee eee eee 3 (23 49.3 26. 2 66. 4 69.9 | 166.7 48.0 
Florida rock: 
GOAmMeSh a eee ceeioarcioecereesee 3 47.5 30.9 25.0 7.6 64.1 140.0 54.5 
SO=mesh ee ee es ek ae 3 36.5 30.1 27.6 9.0 63.1 165.7 58. 2 
100-mesh 3 37.6 28.5 29.3 6.8 62.8 176.3 56.3 
Bolting cloth 3 46.3 28. 4 29.4 7.8 60.3 164.4 58.7 
INC AS ae 3 45.2 34.0 31.3 163) 67.5 172.9 58. 8 
HOTS se as eee ces 3 52.8 35.6 32. 4 11.1 68.0 162.7 LY ATS 
Bone meal: 
GO=TM eS ses sees res earns ea 3 54.8 36.9 32.7 9.8 59. 8 160. 0 46.5 
SO-mesht ts aoe a eee eee 3 53. 0 35.9 33.0 Uae} 60. 4 168.7 46.8 
TOOsmeshae se se eh ae es 3 54.5 40.1 32.7 6.9 62.7 1I7/3).83 40.7 
Boltingiclotheaeeees- tee ee eeee 3 60.9 35.1 36.0 6.9 61.6 164. 6 44.8 
HINES Geis a Stic cc ceee cece oscnes 3 49.2 39.4 26.7 9.5 59.6 | 177.0 48.6 


1N. Y. Agr. Expt. Sta. (Geneva), Bul. No. 358 (1913). 
2In the experiments conducted in 1903-4 only 1.5 grams of P20, per pot were used, Dut organic matter 
was added in the form of sphagnum moss. 
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It is evident from the figures given in Table LI that the more finely 
raw rock phosphate is ground the more effective it becomes. The 
floats in almost every instance produced appreciably greater yields 
than the coarser phosphatic material. The same is true, though to 
a less extent, of bone meal. 

In the first experiment (1899-1900) where no organic matter was 
_ applied, the pots treated with acid phosphate showed greater yields 
than those treated with the less soluble phosphates, but in the second 
experiment where organic matter was added the very finely ground 
raw rock and floats gave as good and better yields than the acid phos- 
phate, although it was supplied in quantities far less than phos- 
phates occur in most soils. 

One other pot experiment to test the fertilizer value of several 
relatively insoluble phosphates on barley was conducted by the 
Geneva? station in 1912. 

The same artificial soil employed in the previous experiments was 
used in this test, but the quantity of phosphoric acid added to each 
pot in the various forms was from two to four times as great. Ade- 
quate amounts of potash and nitrogen were added to each pot, but 
no organic matter was employed. Each treatment was run in dupli- 
cate. ; 

The average results of this experiment are given in Table LIL. 


Taste LII.—Yields of barley obtained in a pot experiment’ (58.9 pounds of 
soil) with various phosphatic fertilizers; potash and nitrogen supplied to all 
pots. 


Amount of Yield of 


Form of phosphates. cael barley per 

per pot pot. 
Grams. Grams 

MONOCA CIMA pHOSPHALE re wae sens << seein sie ones s Sole ee esieticw sinneisiiesewawie De 

1EHGIN OHO) WESC ce AB ioe SR a ROE a ie See ap ee ea gy ee ee 5.82 44.2 

TATEO SLOG Gs coco tk BOC SEO BOO H GOS SOE EES Re On eee REE BaP eee ie 5. 82 68. 7 

SELOUMOMOMMESSCO OC Kare nee A Nee, ee Braap dae h pr hee a a ek tet 5. 82 55.7 

ESOT Cn TT eee ce a ee SIS Sats OEP EPs el sictnis isis Seloie aicioisimeins oemeei 5. 82 74.7 

FEST Tai Gree ens Ce IRR AE he TR RU PR Re SY Aina ER on le Sl cee 38.2 


The monocalcium phosphate, bone, and basic-slag treatments all 
gave yields of barley greater than the ground Tennessee rock, but 
apparently this crop was able to utilize to a certain extent the phos- 
phoric acid of this latter material. 

In view of the fact that barley in previous experiments has not 
responded readily to the less soluble forms of phosphoric acid when 
they were present in small quantities, the results of this experiment 
are not surprising, for while greater amounts of phosphoric acid 


iN. Y¥. Agr. Expt. Sta. (Geneva). Fertilizer Value of An Iron Ore Waste. Bul. No. 
858, pp. 252-253 (1913). 


86 BULLETIN 699, U. S. DEPARTMENT OF AGRICULTURE. 


were added than in the previous experiments with the artificial soil, 
the total quantity present in each pot was still considerably below 
that present in a soil of low phosphate content. 

While only one field experiment (of two years’ duration) with raw 
rock phosphate has been reported by the New York stations, the six 
pot experiments warranting consideration in detail indicate that this 
material increases the yield of a number of crops even when applied 
in very small quantities. The data also seem to show that the pres-— 
ence of organic matter renders the raw phosphate more effective. A 
comparison of the relative merits of the different phosphates used in 
these experiments, however, is hardly admissible. 


NORTH CAROLINA. 


The work with raw rock phosphate reported by this State consists 
of three field experiments’ conducted for periods of one to three 
years. Owing to the short duration of these experiments and also to 
the fact that the data presented in two of them are very limited, one 
is hardly justified in considering the results even indicative af the 
relative merits of the phosphates used. 


OHIO. 


Probably the most valuable experiment with raw rock phosphate 
yet reported is one undertaken by the Ohio station in 1897.2 Not 
only has this experiment been conducted over a considerable period of 
time (18 years), but the raw rock phosphate has been applied in a 
manner generally thought to render it most effective under soil condi- 
tions. Moreover, a direct comparison is made between this form and 
the more soluble form of phosphoric acid in superphosphate. 

The field selected for this experiment was rather below the average 
im fertility, but no data are available showing the relative natural 
productivity of the treated plots. The yields of most of the check 
plots, however, with the exception of No. 1, section A, No. 7, section 
B, and No. 1, section C, have agreed fairly well throughout the ex- 
periment, indicating that the field is comparatively uniform. The 
soil is a sandy clay of glacial drift origin. In 1892 it grew a crop 
of oats and in 1898 it was plotted, drained, and sown to wheat. 
Clover and timothy were grown in 1895 and 1896. 

Up to the tine of the experiment herein described, no manure 
whatever had been applied to the field since it came into the posses- 
sion of the State. 

iN. C. State mena he Agr., Bul. No. 128 (1907) ; N. C. Dept. Agr., Bul. No. 151, pp. 
31-34 (1911) ; N. C. Agr. Expt. Sta., Bul. No. 227 (1914). 


2Qhio Agr. Expt. Sta., Buls. Nos. 110, 134, 183, 184, 246, 305; Circulars Nos. 54, 83, 
92, 104, 114, 120, 131, 144. 
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In 1897 the field was divided into three tracts containing 20 
plots each, and a three-crop rotation of corn, wheat, and clover 
begun, so that each crop was grown every year and each tract received 
every third year the fertilizer treatments outlined below. 

A quantity of manure from the stable, where it had collected under 
the feet of animals kept continually in their stalls, was taken and 
divided into five equal parts, four of which were treated with various 
reenforcing materials at the rate of 40 pounds to the ton of manure. 
The fifth portion was left untreated. Equal or equivalent amounts 
of manure from the open barnyard were similarly treated with the 
same materials. After standing for some time the manure thus 
treated was spread upon clover sod at the rate of 8 tons to the acre, 
and plowed under for corn which was followed by wheat and clover. 
During the first three seasons soy beans were grown and plowed 
under, since clover was a failure. The arrangement of the plots is 
shown in the following diagram taken from the Ohio station reports; 
and the average yields per acre for 18 crops and the increases in 
yield due to the various applications are given in Tables LIII 
and LIV. . 


Arrangement of plots and plan of fertilizing im experiments with manure; 
plots one-sixteenth acre each. 


11. Nothing. Nothing. i 
12. Yard manure, gypsum. Yard manure. floats. 2 
13. Stall manure, gypsum. Stall manure, floats. 3. 
14. Nothing. Nothing. 4, 
15. Yard manure, untreated. Section | Yard manure, acid phosphate. 5. 
16. Stall manure, untreated. A. Stall manure, acid phosphate. 6. 
17. Nothing. Nothing. ilfe 
18. Chemical fertilizer. Yard manure. kainit. 8. 
19. Chemical fertilizer. Stall manure, kainit. 9. 
20. Nothing. Nothing. 10. 
11. Nothing. Nothing. 1 
12. Yard manure, gypsum. Yard manure, floats. 2. 
13. Stall manure, gypsum. Stall manure, floats. 3. 
14. Nothing. Nothing. 4, 
15. Yard manure, untreated. Section | Yard manure, acid phosphate. 5. 
16. Stall manure, untreated. B. Stall manure, acid phosphate. 6. 
17. Nothing. Nothing. is 
18. Chemical fertilizer. Yard manure, kainit. 8. 
19. Chemical fertilizer. Stall manure, kainit. 9. 
20. Nothing. Nothing. 10. 
11. Nothing. Nothing. iL 
12. Yard manure, gypsum. Yard manure. floats. Ze 
13. Stall manure, gypsum. Stall manure, floats. 3) 
14. Nothing. Nothing. 4, 
15. Yard manure, untreated. Section | Yard manure, acid phosphate. 5. 
16. Stall manure, untreated. C. Stall manure, acid phosphate. 6. 
17. Nothing. Nothing. (fs 
18. Chemical fertilizer. Yard manure, kainit. 8. 
19. Chemical fertilizer. Stall manure, kainit. 9. 
20. Nothing. Nothing. 10. 


1 This applies to all plots, except the commercial fertilizer plots the results of which are 
the averages of 16 years. 
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TaBLE LIJI.—Yields per acre of corn, wheat, and hay—average for the 18-year 
period, 1897-1915. 


Plot wuness 
num- Treatment. = Hay. 
ber Grain. | Stover. | Grain. | Straw. 
Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
TI MINION GEARS eS eck Se eek 40. 62 2,365 13. 28 1,543 3,020 
2| Yard manure and raw phosphate.. 63. 40 3, 464 24, 94 2,674 4,357 
8 | Stall manure and raw phosphate. 66. 75 3,677 26. 46 2, 869 4,765 
a NONehse cee ee es ee Aa aN meee ee 32. 38 2,050 11. 75 1,370 2, 299 
5 | Yard manure and acid phosphate...........- 63. 69 3,372 26. 57 2,907 4,260 
6 | Stall manure and acid phosphate............. 67. 04 3,578 27. 06 3,031 4,851 
Ta INTO R ee ee NR Ce 31.16 1, 982 10. 90 1,319 2,314 
8} Yard manure and kainit.................---- 56. 67 3, 232 21. 52 2,423 3, 547 
9 | Stall manure and kainit...............-.----- 61. 54 3,475 23.13 2,691 4, 238 
LOMEINONOE geseede acne etede shale at ocscdemesaee ds 34, 14 2,049 11.14 1,364 2,488 
Tas Be GoSei SA eie Cr, SCE CAEN aie 38. 97 2,375 14. 40 1, 732 3,251 
12 | Yard manure and gypsum.................-- 60. 62 3, 400 24.39 2,712 3, 885 
13 | Stall manure and gypsum..................-- 61. 48 3, 498 - 24.31 2,695 3, 909 
TARIQ TIO Se: oe are siete Ne ee OS rs See ue 31.77 2,037 11. 29 1,334 2,354 
415 | Yard manure, untreated....................- 52. 85 2,921 20. 72 2,296 3,337 
16 | Stall manure, untreated....................-- $9.37 3,271 22. 03 2,494 4,000 
Ma ANione 32825 woe? Reg ads bh SRLS 37. 94 2,331 11. 59 1, 409 2,694 
1Sh@hemicalifentilizon ween see oe eee ne eee 47.78 2,690 16. 16 1, 841 3, 163 
NOM ance OLtAR DS ee Ae BS EY RS CeO Stee 45. 20 2,494 15. 42 1, 885 3, 255 
20) |PNone ere reat Se ee UI Re De ee Bee a 33. 88 2,028 10. 72 1,382 2,679 
Average from manure and raw phosphate. 65. 07 3,570 25.70 2,771 4,561 
Average from manure and acid phosphate. 65. 36 3,475 26. 81 2,969 4,555 
Average from manure untreated.......... 56. 11 3,096 21. 37 2,395 3, 668 
Average unmanured yields.............- 34. 77 2,153 11. 76 1,395 2, 536 


TaBLE LIV.—Barnyard manure on crops grown in three-year rotation. Average 
annual increase per acre for entire period of experiment figured first accord- 
ing to Thorne, by comparing treated plots with the two nearest check plots, 
and second by comparing treated plots with average of all check plots. 


Average annual increase according to Thorne, 


Plot 
pum- Treatment. Corn, 18 crops. Wheat, 18 crops. 
ber Clover 
hay, 15 
Grain. | Stover. | Grain. | Straw. | COPS: 
Bushels. | Pounds. | Bushels. | Pounds. | Pounds. 
2| Yard manure and floats...... oda0so995q000000 25. 53 12.17 1,189 1,578 
3 | Stall manure and floats....-...-.-..cceceee--- 30. 95 14. 20 1, 492 2,225 
5 | Yard manure and acid phosphate ...........- 31.72 15. 09 1, 554 1,956 
6 | Stall manure and acid phosphate..........-.- 35. 48 15. 68 1,693 2, 542 
8 | Yard manure and kainit-..................-- 24.11 10. 54 1,089 1,176 
9 | Stall manure and kainit.....................- 28. 40 12.07 1,343 1,807 
12 | Yard manure and gypsum..................- 23. 83 11. 02 1,113 931 
13 | Stall manure and gypsum..................-- 27.31 11. 97 1, 229 1,255 
15 | Yard manure, untreated.................---- 19. 03 9. 33 939 870 
16 | Stall manure, untreated.................-...- 23. 48 10. 46 1,110 1,419 
18 | Chemical fertilizer!......... A A eo 10. 74 4, 22 394 482 
19 }..... Oza renecece once ec cccseeccccgeecececcee- 10. 48 4. 26 472 635 


1 Acid phosphate, 80 pounds; muriate of potash, 80 pounds; nitrate of soda, 160 pounds. 
2 Acid phosphate, 80 pounds; muriate of potash, 10 pounds; tankage (7-30), 109 pounds. 
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TABLE LIV.—Barnyard manure on crops grown in three-year rotation, etc.—Con. 


Average annual increase obtained by comparison 
with average of all check plots. 


Plot 

Wer Treatment. Corn, 18 crops. Wheat, 18 crops. Me 

Teo RRR io hay, 15 

Grain. | Stover. | Grain. | Straw. | CTPS: 

Bushels. | Pownds. | Bushels. | Pounds. | Pounds. 
2)| Yardimanure and floats: 22 2.22.2--- 22... 27. d4 1,312 13. 06 1, 242 1,718 
3 | Stall manure and floats-. se Ne PSSA Ba 30. 88 1,525 14. 58 1,437 2,138 
5 | Yard manure and acid phosphat ae 27.83 1, 220 14. 69 1,475 1,621 
6 | Stall manure and acid phosphate... vas 31.18 1, 426 15.18 1,599 2,214 
Sr VALGumManinerandpkainits spa sn-s 555 42 = cee 20. 81 1,080 9. 64 991 910 
Dai esbaliamanuney and Kaimit) = ose ss25-52ces2 se s6 25. 68 1,323 11. 25 1, 259 1,601 
12 | Yard manure and gypsum.......-........... 24.76 1, 248 12. 51 1, 280 1, 278 
TOW stallimanure and gypsum 2222.22. 252552. 222 25. 52 1,346 12. 43 1, 263 1,272 
Tom andoMmanuire wUMETeAbeG = 4.54. cc 5+ -seee sce 16.99 769 6. 40 864 700 
Hen Stallimanure umireated':. 22024. )s20- sse eee 23. 51 1,119 10. 78 1,062 1,363 
SMe Wemrcalmenbiizer her seo. ois esis eee ee 12. 24 548 3. 88 392 585 
LON eee (BUCA E te Nis eines SECs ee ah ene eae Rue 10. 58 359 3.73 471 722 


1 Acid phosphate, 80 pounds; muriate of potash, 80 pounds; nitrate of soda, 160 pounds. 
2 Acid phosphate, 80 pounds; muriate of potash, 10 pounds; tankage (7- 30), 100 pounds. 

A study of Table LIII will show that applications of stall manure 
produced greater yields than yard manure, and that the mixing of 
floats with the stall manure rendered them considerably more effective 
than where they were mixed with yard manure. 

Phosphates proved more desirable as reenforcers of manure than 
either kainit or gypsum. Where the two forms, raw rock and acid 
phosphate, were thus used at the rate of 320 pounds per acre every 
three years, the plots treated with the latter gave slightly greater 
yields. Moreover, in spite of the fact that a greater quantity of 
phosphoric acid had actually been added to the plots in the form of 
raw rock phosphate, and the conditions were favorable for render- 
ing this accumulated phosphoric acid available, the acid phosphate 
treatments appeared to be slightly more effective even after 17 years. 

On the other hand, Thorne in comparing the various fertilizer 
treatments with the check plots assumes that any change in fer- 
tility of the soil of the various plots in the experiment field is 
gradual and, therefore, the treated plot under consideration should 
be compared with the nearest check plots rather than with the 
average of all the checks. 

Hopkins* takes issue with Thorne on this point, saying “ that 
the change in the direction of such a curve is just as likely to occur 
on any other plot as on the plots that happen to be numbered 1, 3, 4, 
7, etc.” The latter writer also points out that several of the check 
plots in this experiment are apparently abnormal, and Thorne’s 
system of comparison is unfavorable if not unfair to the raw rock 


plots. 
OR NTT IR RTO I eee 
1§oil Fertility and Permanent Agriculture, p. 250. 
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In Table LIV the average annual increase per acre for each treat- 
ment is figured both by the Ohio system and also by comparing the 
treated plots with the average of all the check plots. These two 
systems of comparison lead to very different conclusions. By the 
Ohio method acid phosphate appears to much greater advantage than 
raw rock, even though the latter is considerably less costly. By the 
second method of comparison the applications of raw rock phos- 
phate show increases in yield practically as good and in some cases 
better than those obtained from equal applications of acid phosphate. 

Another point worthy of serious consideration in this experiment 
is that the applications of raw rock were not very liberal for such a 
relatively insoluble material, the effectiveness of which depends 
largely on its thorough distribution in the soil. Such distribution 
must be brought about principally by heavy applications. Accord- 
ing to analysis, the soil on which this experiment was conducted was 
relatively low in phosphoric acid (0.08 per cent P,O,) yet even had 
none of the phosphate rock added during the 17 years of the 
experiment been removed by crops or lost in other ways, the total 
quantity of phosphoric acid present in the upper 9 inches of the 
soil would only have been increased to 0.1 per cent. The crops grown 
were such as would remove an amount of phosphoric acid equal ap- 
proximately to one-half of that added in the form of raw rock so. at 
the expiration of 17 years the soil should have contained about 
0.01 per cent more phosphate than at the beginning of the experi- 
ment, an amount which in spite of thorough tillage and frequent cul- 
tivation was probably not uniformly distributed in the soil. An ex- 
periment similar to the one just described, except using heavier ap- 
plications of phosphate rock would be interesting, and yield valuable 
data on this subject. 

Another experiment with raw rock phosphate in which a three 
year rotation of corn, oats, and clover was followed, was begun at 
Wooster in 1905.1. The following description of the field employed, 
and the history of the experiment which is known as the Lime and 
Floats Test, is taken directly from Circular No. 144 of the Ohio 
Station : 

The land had been under the regular rotative cropping of the farm since its 
occupation by the Station, and for a considerable period before, and was in good 
condition—12 tons of manure per acre had been plowed under for corn in 1904. 
Three sections of 26 plots each are included in the test, the plots containing 
one-twentieth acre each. 

For the crops of 1905, section A (north end) was manured at the rate of 6 
tons per acre only (because of the recent application above mentioned), limed, 
fertilized, and planted to corn. Section B was sown to soy beans instead of 
clover, the beans to be followed by rye in the fall and corn in 1906. Section C 


1Qhio Agr. Expt. Sta., Circular No. 144. pp. 92-93 (1914). 
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(south end) was limed and fertilized without manure, and sown to oats and 
clover. Thenceforth the manure, lime, and fertilizers have ali been applied to 
the corn crops, the manure being plowed under and the lime and fertilizers 
applied to the surface. The oats and clover receive no treatment. The clover 
seeding failed in 1906, 1908, and 1909, and soy beans were grown instead and 
harvested as hay. 

The plan of treatment, average yields per acre, for nine years, and 
the increase per acre from the various treatments figured according 
to the Ohio method and also by comparing each treatment with the 
average of all the untreated plots are given in Table LV. 

The results obtained in 1914 and 1915 have been reported by 
Thorne in Bulletin No. 305 of the Ohio station, but no yields are 
given except those of the plots receiving acid phosphate and raw 
rock. These last two years’ results therefore are not included in the 
averages given in Table LV. 
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An inspection of Table LV will show that here again very 
different conclusions may be drawn from the experimental data, 
depending on the method used in comparing the checks with the 
various fertilized plots. 

According to the Ohio method of comparison raw rock phosphate 
when applied alone at the rate of 320 pounds per acre gave some 
slight increases in yield, though not as great as the same quantity 
of acid phosphate. By the second method of comparison, however, 
practically no increase was obtained from such small applications 
of raw rock. 

Again, by the Ohio method of calculation, manured plots on which 
raw rock phosphate was applied at the rate of 1,000 pounds per acre 
as a top dressing gave an average increase in yield less than that 
obtained from plots receiving manure alone. According to the sec- 
ond method of comparison, however, the plots receiving such heavy 
applications of phosphate rock produced considerably greater yields 
than those receiving manure alone. There were no plots in this 
experiment on which acid phosphate and manure were used in 
conjunction. 

Another experiment with raw rock phosphate, using a rotation of 
beets, oats, and clover, was begun by the Paulding County Experi- 
ment Station in 1911,' but since the data so far published on this 
experiment cover only three years or one complete rotation it is 
too early to draw any conclusions therefrom. 

In what are known as the “ Strongville experiments”? the Ohio 
station has made a comparison of the relative effect of lime and 
floats in a five-year rotation of corn, oats, wheat, clover, and tim- 
othy. 

The field used in this experiment is nearly level east and west, but 
slopes gently to the north. It was divided into four sections (A, 
B, C, and D) containing 40 plots of one-tenth acre each. The soil 
of the field is a heavy white clay naturally low in phosphoric acid, 
and had been employed in a fertilizer experiment under the same 
system of rotation for 12 years. After the introduction of the lime 
and ficats the applications of the other fertilizer materials were con- 
tinued as before, but each plot was divided into two parts, on one 
of which floats were applied and on the other ground limestone. 
The dressings have been 2 tons of limestone per acre on the south 
half of each entire section, and 1 ton of floats per acre on the north 
half, the applications being made on the corn crop only. The aver- 
age yields of the checks and the variously treated plots in each sec- 
tion from 1905 to 1912, inclusive, are given in Table LVI. 


_ 


1Qhio Agr. Expt. Sta., Buls. Nos. 258, 273, 286. 
2Qhio Agr. Expt. Sta., Bul. No. 260. 
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Table LVI shows that on plots receiving no other fertilizer and 
also on those upon which nitrogen and potash but no soluble phos- 
phate was used, the portion treated with “ floats” gave consistently 
greater yields than that portion treated with ground limestone. The 
effect of the floats also appears to be cumulative. In regard to the 
plots receiving stable manure, little difference is noted between the 
portion treated with “floats” and that receiving applications of 
limestone. The floats, however, were applied after the manure had 
been plowed under. While no direct comparison can be made be- 
tween acid phosphate and ground raw rock in this experiment it will 
be seen that where the soluble phosphate was employed (in com- 
plete fertilizers) in addition to the floats the yields were consid- 
erably greater than where the floats were used in conjunction with 
potash and nitrogen carriers only. | 

In Table LVII the average yields of each of the five crops of the 
rotation throughout the entire period of the experiment are given. 
These averages include six crops each of corn, oats, wheat, and clover 
and three crops of timothy grown in four years and averaged as 
four crops. 


Taste LVII.—Average yields of crops, on plots treated with lime and floats, 
five-year rotation, Strongville. 


e > 


Plots and treatment and average yield per acre. 


Plots Nos. Plots Nos. Plots Nos. 


Plots Nos. | 3, 5, 9, nitro- 17 to 33, 11 to 36, 
Crop. Unfertilized. 18, 20, 30, gen or potas- | complete fer- | complete fer- 
yard manure. sium; no tilizer, low tilizer, hi 
phosphorus. nitrogen. nitrogen. 


Lime. |Floats.| Lime. |Floats.} Lime. |Floats.| Lime. |Floats.| Lime. | Floats. 


Corn st cece eet oe -! bushels. .| 24.92 | 28.53 | 35.96 | 35.53 | 26.61 | 32.03 | 38.44 | 36.78 | 37.40 | 37.81 
COE Se Oe ee bushels..| 33.41 | 40.71 | 40.74 | 48.04 | 36.10 | 44.37 | 45.90 | 52.13 | 44.27] 51.21 
WiheatssScse. 825. oe pushels..| 8.38 | 10.06 | 18.33 | 17.69 | 8.82] 10.43 | 19.79 | 17.70 | 20.43 | 18.48 
Glover: eats pounds. .| 2,383 | 3,650 | 3,945 | 4,653 | 2,587 | 3,921 | 3,504 | 3,974 | 3,630 | 4,217 

Gthy ea. ee pounds..| 1,809 | 2,890 | 2,294 | 3,090 | 1,818 | 2,539 | 2,262 | 3,126 | 2,356 | 3,096 


This table shows in a more condensed form what is shown in de- 
tail in Table LVI namely, that floats when applied liberally are 
effective on a soil of low phosphate content and that probably their 
chief function is the furnishing of phosphoric acid. 

In this particular experiment the raw rock phosphate apparently 
became increasingly available after the soil had been plowed and 
cultivated for a number of years, and the finely divided rock thus 
more uniformly and thoroughly distributed. 

The writers feel that the work of the Ohio Experiment Station 
shows pretty conclusively that even medium applications of ground 
raw rock phosphate have produced decided increases in the yield 
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of crops, and that the efficiency of this material is increased by the 
mixing or composting with organic matter. The data presented 
by the Ohio Station, however, hardly appear to justify in the judg- 
ment of the writers a definite conclusion concerning the relative 
merits of raw rock and acid phosphate even under the conditions of 
the Ohio experimental work. 


PENNSYLVANIA. 


The Pennsylvania Experiment Station in 18831 undertook what 
is probably the first recorded experiment with raw rock phosphate 
conducted by the stations in this country. Since the work was car 
ried on for a year only under conditions which were not controlled, 
the results do not’ warrant repetition. 

A field experiment to test the fertilizer value of various phos- 
phates was also begun by the Pennsylvania station? in 1883, and 
continued on the same field till the close of 1895, a period of 13 years. 

The field selected for this experiment has a slight and uniform 
slope to the southeast. “The soil of the plots is a so-called lime- 
stone clay formed from the decomposition of the surrounding and 
underlying rock, which is largely a magnesian limestone. It has the 
general appearance of a clayey loam. During 1880 and 1881 the 
land was in grass (clover and timothy) and in 1882 in potatoes. 
No manure was applied to either crop.” In 1883, in an effort to de- 
termine the uniformity of the field, it was divided into 12 plots of 
one-twentieth acre each, and planted to oats without the application 
of any fertilizer whatever. 

In Table LVIII the average yield of the plots which subsequently 
received the same fertilizer treatments are given. 


Taste LVIII.—Average yield of oats on various plots of experiment field before 
application of fertilizer. 


Yield per 
Plot letter. acre of 
oats, 1883. 


While it has been repeatedly pointed out that the yields obtained 
with a single crop can not be taken as proof of the relative natural 


— 


1Pa. Agr. Expt. Sta., Ann. Rept. for 1884, pp. 33-35 (1885). 
2Pa. Agr. Expt. Sta., Ann. Repts. for 1884 (1885) ; 1886 (1887); 1888 (1889) ; 1889 
(1890) ; 1895 (1896). 
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fertility of the various plots, the indications are that the average 
natural productivity of the check plots and those afterwards re- 
ceiving only a mixture of potash and nitrogen, was greater than that 
of the plots on which phosphates were applied. It will also be seen 
that the average yield of the plots afterwards treated with acidulated 
phosphate was less than the average of any of the other plots. 

A regular four-year rotation of wheat, grass, corn, and oats was 
begun in 1884. The fertilizers were applied only to the wheat and 
corn crops, being sown broadcast after the field was plowed, and 
subsequently harrowed in. Muriate of potash and ammonium sul- 
phate were applied to each plot (except the checks) at a rate sup- 
plying 100 pounds of potash (K,O) and 47 pounds of nitrogen, respec- 
- tively. The phosphates were applied at a rate supplying 32 pounds 
of phosphoric acid (P,O,). During the entire period of the experi- 
ment fertilizers have been applied six times. 

The average results obtained from duplicate plots are given in 
Table LIX. 


TABLE LIX.—Average yields of various crops grown in four-year rotation on the 
same field for a period of 12 years (1884-1895). 


Average yield (three years) per acre. 


Rlot letter. Fertilizer. tion per 
acre.1 | Wheat, } Grass, | Corn, Oat: 
grain. | hay. ears. BAS 


Pounds.| Bushels.| Pounds.| Bushels.| Bushels. 
IA GNdiG che cee ccoscdees Dissolved bone black........-- 


Muriate of potash.--.......... 200 28. 23 3, 167 48. 86 43, 42 
Ammonium sulphate.......... 4 

IBiandsH et cusseecoceeues Reverted phosphate........... 

Muriate of potash............. 

Ammonium sulphate......... 

Crandticececcsescescos == Finely ground bone........... 

Muriate of potash............. 

Ammonium sulphate......... 

DiandWitccscecssccoccoucs uinely, ground South Carolina 

ee ee Seocamonceeocss 

Muriate of potash..........c-- 

a ae Murtate ofp oul hatersereoeas 

ANE Ke Se sacsesssccsscs uriate of potas. Se ees 

aaiTaOehITn sulphate. ip Socata 30. 57 2,492 40. 68 45. 54 


10) G8) Wreorsoqeadoaneocos N OMenbilizerteeeseeeccecessees |seeeeeee 22. 52 2, 048 33. 07 38. 81 


29. 89 3,300 49. 60 47.10 


31. 58 3,365 51. 96 49.39 


3,183 | 47.64] 48.24 


Ss8se SSessskes 


Se — —— eo ————— 
wo 
be 
& 


1 Applications made every other year. 


Considering now the average yield of each crop from the variously 
treated plots during the 12 years in which the fertilizer effects 
were studied, we find that larger yields of wheat (grain) were ob- 
tained on the less soluble than on the readily soluble phosphate plots, 
and that the plots treated with raw rock phosphate compared favor- 
ably with those receiving any other form of phosphoric acid, even 
when the apparent natural fertility of the various plots (as deter- 
mined by the crop of oats grown in 1883) is taken into consideration. 

In the case of hay (grown in 1885, 1889, and 1893) the produc- 
tion on the plots treated with other forms of phosphoric acid showed 
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to somewhat greater advantage than the raw rock when the apparent 
natural fertility of the various plots is considered, but the difference 
- between the acid phosphate plots and those treated with raw rock 
was so slight as to be well within experimental error. All the phos- 
phate plots gave considerably greater es of hay than those re- 
ceiving no phosphate. 

‘The corn crops (1886, 1890, 1894) showed their best yields on the 
plots treated with finely ground bone and reverted phosphate. When 
the natural (apparent) fertility of the plots is taken into considera- 
tion, the acidulated phosphate plots show better yields than the raw 
rock plots. All the plots treated with phosphates, however, showed 
considerably greater yields of corn than those receiving no phos- 
phates. 

With oats, the ground-bone plots gave on the whole better yields 
than any of the other phosphate plots, but the raw-rock plots were 
not far behind and showed to considerably greater advantage than 
those treated with soluble phosphate. 

In summing up the results of this experiment, Hess! of the 
Pennsylvania station, concludes that, considering the cost of practi- 
cally equal quantities of phosphoric acid in its various forms, ground 
bone and raw rock phosphate gave the largest returns for the money 
invested, “thus indicating that the insoluble phosphoric acid is of 
more value as a manure than is often supposed * * *.” 

While the results do seem to show that raw rock phosphate had a 
distinctly beneficial effect on this field, the increases in yield appear 
to the writers out of proportion to the six hight applications of this 
material employed, since the total quantity of phosphoric acid thus 
applied (provided none was removed or lost) would not be sufficient 
to add 0.01 per cent to the upper 9 inches of an average soil. In 
other words, raw rock phosphate was applied at the rate of about 54 
pounds per acre per annum. 

The only other work on raw rock phosphate reported by the Penn- 
sylvania station is a laboratory experiment conducted by McDowell? 
in 1908, to test the effect of rotting manure on the solubility of a 
natural phosphate. This experiment is mentioned elsewhere in this 
bulletin. 

While the field work of the Pennsylvania station seems to indicate 
that raw rock phosphate was effective in increasing crop yields, the 
increases obtained seem so out of proportion to the light applications 
made that the writers hesitate to attach great importance to the re- 
sults. As far as they go, however, the data show as great a response 
from the less soluble as from the more soluble forms of phosphoric 
acid. 


1Pa. Agr. Expt. Sta., Ann. Rept. for 1895, p. 210 (1896). 
2Pa. Agr. Hxpt. Sta., Ann. Rept for 1907-8, pp. 175-178 (1908). 
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RHODE ISLAND. 

The first field work of the Rhode Island station with raw rock 
phosphate was reported by Flagg and Towar? in 1893, and consisted 
of an experiment conducted for one year only. 

In 1912, Wheeler? reported results of a three-year experiment 
with various phosphates. ‘The short duration of these experiments 
and the absence of check plots make a repetition of the details 
unjustifiable. 

An experiment to test the relative value of various phosphates on 
limed and unlimed land was begun by the Rhode Island station in 
1894.° Hartwell* published a summary of the results of 20 years. 

It is said that the field selected for this expersment was of uniform 
character, and had not been treated with fertilizer for a number of 
years, producing only a small crop of hay previously to the plotting 
of the land. The soil is Miami silt loam, composed of glacial drift of 
granitic origin. In 18938 the field was divided into 18 plots (the num- 
ber being increased to 20 the following year), of two-fifteenths 
acre each, and in order to obtain an index to their natural fertility 
Indian corn was grown on the entire number without the application 
of any fertilizer whatever. The yields per plot obtained in this pre- 
liminary experiment are given in part in Table LX. 


Taste LX.—¥ertility of plots as measured by the yield of Indian corn in 1898 
previous to fertilizer treatment. 


mals per olahive xaeld per | Relative 
plo ertility ot fertilit 
Plot number. Greist of plot Plot number. (w & ght of (pl oe 
ear corn). | 67=100). ear corn). | 68=100). 
Pounds Per cent. Pounds Per cent. 
Ui becca a em es See ae as Al Ow cea sete ace tis cc wise o tee e z 
BS eee ME Gs SR Se er 124 OR b4ssscue. eed. semeee oe 103 84 
iF es BOCAS GSAS DOR eT 140 MOSH "bGS5 ene ceee seas occu e ee 95 77 
DU eS SOE Ee Se IAI Kees Hel 142 TOO) 58e ssdecssqeeeaecac8 52 skes 73 59 
QE Res ARI: eee ee ee 127 OSM NGOS ase cosmo cme tem eee ce 70 
(ye ae Se aaee See. Se aan een 79 GU 625 a4 52 eae we sick 90 73 
CT ap Se Aes A eae 111 Son G4. snc cectics ose ck ce oo eee 98 
Gb so sass soaceicaseeeeccus 114 BS (G62 eso och fee De 146 119 
Giornale ce ciscbe cteisic wats 130 JOO! | GB sree ae ec ce ee 123 100 


An inspection of Table LX will show that the yields of the odd 
numbered plots (which were subsequently limed) were in nearly every 
instance greater than the even numbered plots (which received no 
subsequent applications of lime). It will also be seen that plots 61 
and 62 which afterwards received applications of “floats” gave 
smaller yields of corn than any of the other plots with the exception 
of plots 58 and 60. 

While the yields obtained in only one year can not be taken as 
proof of the relative natural fertility of the various plots, the indi- 
cations are that plots 61 and 62 were poorer than most of the others 
in the field including the check or no phosphate plots. 

1R. I. Agr. Expt. Sta., 5th Ann. Rept., pp. 159-160 (1893). 
2R. I. Agr. Expt. Sta., Bul. No. 148, pp. 21-29 (1912). 


®R. I. Agr. Expt. Sta., 7th Ann. Rept., p. 122 (1894). 
#R. I. Agr. Expt. Sta., Bul. No. 163 (1915). 
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In Table LXII showing the yields of crops obtained during the 
first period (five years) of the experiment it has been assumed 
that the preliminary corn crop of 1893 is an index of the natural fer- 
tility of the experiment field. This assumption may not be justified, 
but it serves to show what different conclusions may be drawn, de- 
pending on the method employed in comparing field results. 

The actual yields therefore have been recalculated on the basis of 
the apparent natural fertility of the plots as determined by the 1893 
corn crop. By subtracting this value from the actual yield the gain 
due to the fertilizer treatment has been determined and recorded 
‘under the heading “ Calculated Increase.” 

This method of comparison is not used in the second and third 
periods of the experiment, since any initial inequalities in the field 
were probably modified by five years of fertilization. 

The application of fertilizers was begun in 1894. At this time 
one-half of the plots (odd numbers) were limed at the rate of 1 ton 
per acre. Similar applications were made to the same plots in 1903, 
ard again in 1911. The plots having even numbers have received 
no lime whatever during the experiment. Ample amounts of soluble 
potash and nitrogen carriers were applied to all plots (limed and un- 
limed) each year. For the first five years, 1894 to 1898, inclusive, the 
various phosphate carriers were applied in quantities representing at 
that time equal money values. In 1899, however, it was decided that 
in view of the fluctuations in the price of the various phosphates it 
would be wiser to equalize the amount of phosphoric acid on each 
plot. This equalization, though not completed till 1902, was brought 
about by ceasing the applications of the insoluble phosphates, but 
continuing to apply the more soluble phosphates. 

From 1902, up to the close of 1918, no phosphate whatever was 
applied to any of the plots. 
The experiment, therefore, may be divided into the three following 
periods: First, from 1894 to 1898, inclusive, when equal money values 
of the several phosphates were applied. During this period phos- 
phoric acid was added in the form of raw rock phosphate in consid- 
erably greater quantities than in the form of the readily soluble or 
available phosphates. Second, from 1899 to 1902, inclusive, when 
the phosphoric acid applications were being equalized on all the 
plots; and, third, from 1903 to 1913, inclusive, when the residual 
effects of equal amounts of phosphoric acid in the different forms 

were being studied. 

In the following table, which is taken from Bulletin No. 163 of the 
Rhode Island station, the rate of application (per one-tenth acre) 
of the various phosphates, up to the close of 1898, are given. The ap- 
plications of all the phosphate carriers except raw rock were then 
continued until the amount of phosphoric added to each plot was 
the same. This equalization was completed in 1902. 
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TasLteE LXI.—Sources and amounts of phosphoric acid applied to the different 
plots* (1894-1898). 


Application of the phos- | phos- 


Cost per phate per 7, acre. i 
ton as phone Cost 
Plot sourceof/—. 7. |. . |appliea| the 
num- Source of phosphoric acid. phos- Total Deane phos- 
bers. Phoric | J 594 1895. | fT 1896, | 5 years, pare 
acid. : : 1897, ysacre.| 201¢- 
Dollars. | Pownds.| Pounds.| Pounds.| Pownds.| Dollars. 
51,52 | Dissolved bone black...............----- 15. 00 60. 0 60. 0 60. 0 31.8 1.35 
53,54 | Dissolved bone......----...------ee002-- 14. 00 50, 4 55.0 45.0 25.0 1.05 
55,56 | Dissolved phosphate rock............---- 13. 00 92.7 120.0 73.1 44,5 1. 86 
57,58 | Fine ground bone...........-- me ee as 19. 00 42.3 43.9 43.9 35.0 1. 24 
59,60 | Thomas slag phosphate................-- 14, 00 76. 6 66. 0 66. 0 38. 4 1.46 
61,62 | Raw phosphate rock...........-......--- 11. 00 92.7 94.1 94.1 73.9 1. 54 
63, 64 | Raw Redonda phosphate.....-..-.-.---- 15. 00 52.8 52.9 52.9 56. 0 1.19 
65,66 | Roasted Redonda phosphate............ 33. 00 33. 0 33.0 33. 0 45.3 1. 63 
67.68 {De HOSph ates ae seperate cle eee ayia eile cia ell ecsisey= clst-c | Sa eee | Beira rial Seis eee eee 
, Double superphosphate.........--..-...- 37.00 |..-.-..-. 31.1 25. 7 2 26.5 21.05 


1 The dimensions of each plot are 30 by 193.6 feet, giving an area of two-fifteenths of an acre; but, in har- 
vesting, the crop on the edges and ends of the plot is usually eliminated and the product from only one- 
tenth of an acre is weighed. 

2 During four years instead of five, since double superphosphate was not included in the experiment 
until 1895. 

At the close of the first period of the experiment it will be seen 
that approximately twice as much phosphoric acid had been added 
in the form of raw rock as in other forms. The crops grown dur- 
ing this period were corn in 1894, oats in 1895, and hay in 1896, 1897, 
1898. The yields of the various plots are given in detail in Table 


LXII. 


TasBLE LXII.—Yields of corn, oats, and hay obtained during the first period 
of experiment (1894-1898). 


[Yields given in pounds per one-tenth acre.] 


Corn, 1894. Oats, 1895. Hay, 1896, 1897, 1898. 
Limed. Unlimed. Limed. Unlimed. Limed. Unlimed. 
e.- EAN oe 2 3 ine 2 

° at at or >=] ay ~ 

Source of phosphoric acid. 2 EI g FI 2 8 2 a 2 a 2 g 

rR eee Wi Sy) Wet eile ah Vee Wy espull Ere ance | etl eae cles 

bo |PESi tai ose) aleeyey lipch ib eaie dius) ei erin) Woncl i baseet (RSh |e 

GC) o2 o o2 o oo o oo ) a2 o o2 

Seba SS eee eS eee SSeS SS ese Sy ERS 

ql (MEFS tet ees eee ELS ee PSS Se ELS |) er ens 

3 | 20 iS Se 3°) 20 So So 3 Zo 3 | 20 

= & 3 = os = 3 3 B 3 | 5 & 3 +S as 

pas a eee teal 4. FS tte | | geet eS 

t Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. 
Dissolved bone black...-.. 339 | 100; 278] 125) 118 61 96 59 | 1,649] 107] 712 495 
Dissolved bone........---- 270 84 | 202 82 96 51} 101 72 | 1,463 |. 262] 601 430 
Dissolved phosphate rock.| 297 85 245 185 103 52 113 86 | 1,621 256 | 680 524 
Fine ground bone......... 200 | —14 | 170 76 87 36 84 63 | 1,771 | 394] 948 828 
Thomas slag phosphate...} 242 50} 178 78 94 48 91 66 | 1,685 | 447 |1,096 954 
Raw phosphate rock......| 110} —10| 146 42 70 41 76 50 | 1,699 | 928] 832 684 


Raw Redonda phosphate..| 108} —59/] 110; —4 61 21 50 22 | 1,129 55 | 385 123 
Roasted Redonda phos- 


phate smeeeacccciciehos cists 178 6 99 | —71 41 0 53 M1 | 1,568 | 456} 392 150 
No phosphate ss a |G torah bs ae ne 143)] eee a7 Cee. 35 (eee 1,264 |...... 205i b sees 
Double superphosphate...|......|-..--.|------|------ 2) eames 0) acces 1, 464 |...... SYAl ee soos 


1 Values given in this column obtained by subtracting from actual yields caleulated yields as deter- 
mined by corn crop of 1893. Actual yields—(Check plot yieldXrelative fertility = calculated incgease. 
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A study of Table LXII will show that in 1894, the first year of the 
experiment, the plots receiving applications of raw rock phosphate 
gave no increase in the yield of corn, even when the probable differ- 
ence in the natural fertility of the raw rock plots and the check plots 
is taken into consideration. The soluble phosphate plots (both limed 
and unlimed) on the other hand gave substantial increases in yield. 
over the check plots. The following year (1895) the yields of oats 
on the raw rock phosphate plots exceeded that of the no phosphate 
plots by a considerable margin, and during the next three years of 
the first period, the yield of hay on the raw rock phosphate plots 
(both limed and unlimed) surpassed the yield, not only of the check 
plots, but of the soluble phosphate plots as well, indicating that the 
ground raw rock was becoming increasingly effective. 

Owing to the change in the plan of the experiment the plots were 
again left in grass in 1899. It was intended to equalize the phos. 
phoric acid applications on all the plots (except the checks) this 
year, but owing to a mistake the additions of phosphoric acid in other 
forms was not brought up to that already applied in the form of 
raw rock until 1902. 

No separate figures are given for the grass crop of 1899, but in 
1900 the land was plowed, treated with adequate quantities of mu- 
riate of potash and nitrate of soda, and planted to corn. The fol- 
Jowing year (1901) miscellaneous crops were grown in each series in 
rows extending across the plots. 

In 1902, the fourth year of the second period, the plots were 
planted in soy beans. The results of this second period of the 
experiment including the years 1900, 1901, and 1902 are given in 
Table LXIII. 


TaBLE LXIII.—Yields of crops obtained during second period of experiment 
(1899-1902). 


1900: 1901: 1902: 
Corn, yield per Miscellaneous Soy beans, yield 
acre. crops.1 a 
Treatment. ie Sean 
Limed. | Unlimed.| Limed. | Unlimed.} Limed. | Unlimed. 
Bushels. | Bushels. | Per cent. | Per cent.| Bushels. | Bushels. 
Dissolved bone black...............-.---- 1.1 54.7 3 ; 3. 
Dissolved bones... = 22.025 hese ccc cece ee cece 75.6 63. 2 327 366 29.3 26.8 
Acidgonosphaten sc ace ssce sce ce acumen ee ae 78.5 70.9 250 395 hs Th 25.3 
Hineleround bones) es he 84.0 69.8 329 440 29.3 27.5 
Basicslacnneale eo. sock eee ee ee 79.4 65. 6 336 444 29.8 27.3 
JT EY IS 5 ee SA eT a a a 82.3 67.8 243 382 26.5 23.6 
Redondite (raw)......-...-..-.----------- 76.4 54.3 93 177 17.2 16.0 
Redondite (roasted).................-2---- 82.6 54.1 257 226 24.6 19.1 
INojphosphatesians 2.2.26 ee ssss ee eS 75.1 48.1 100 100 16.7 14.2 
Double superphosphate...........-..----- 78.3 50.9 279 143 25.3 19.7 


1 Relative yields of miscellaneous crops, taking no phosphate plot as 100. 


For the second year of the second period of the experiment when 
the plots were in corn, the raw rock phosphate plot (limed) exceeded 
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the yields of all the soluble phosphate plots and was only surpasyed 
in actual yield by the plot treated with fine ground bone. Raw rock 
also ranked among the highest of the unlimed plots, exceeding in 
yield the plots treated with dissolved bone black, dissolved bone and 
double superphosphate. 

During the third year of the second period, however, when mis- 
‘ cellaneous crops were grown the plots treated with the more available 
and soluble phosphates showed to greater advantage. A point un- 
favorable to the less soluble phosphates in this experiment is the fact 
that many of the miscellaneous crops were cut and weighed before 
maturity. Since acid phosphate undoubtedly gives greater early 
stimulation than the raw phosphates, the effect of the former was 
possibly more marked than it would have been had the crops been 
allowed to mature. 

The results with soy beans during the fourth and last year of the 
second period of the experiment were also more favorable to bone 
meal, slag, and the soluble phosphates than to the ground raw rock, 
both on the limed and unlimed series, but the floats gave greatly in- 
creased yields over the no-phosphate plots. Large amounts of all 
phosphates, except raw rock phosphate, were added this year, in 
order to bring about the equalization of phosphate applications. It is 
rather surprising, therefore, that the plots so treated should not have 
given much greater increases for this year than the raw rock plots to 
which nothing had been added since 1898. 

The third period of the experiment began in 1903, when 19 mis- 
cellaneous crops were again grown across the plots in both series, a 
few rows only being devoted to each crop. In 1904, oats were grown 
and harvested as hay, and in 1905 and 1906, the field was in hay. 
In 1907, miscellaneous crops were again planted across the plots. 
Whitecap corn and a few rows of turnips were grown in 1908. In 
1909, all the plots were planted in potatoes, which were followed by 
rye. The rye was harvested in 1910, and Hungarian grass planted. 
In 1911, oats were grown followed by rowen, and in 1912 and 1913 
the field was again in hay. The yields obtained from the various 
plots during this third period of the experiment are given in detail in 
Table LXIV. 
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Considering the results obtained during the third period of the 
experiment the yields of miscellaneous crops in 1903 were on the 
whole considerably greater on the soluble-phosphate plots and those 
treated with basic slag and ground bone than on the raw rock phos- 
phate plots. 

In 1904 the raw-rock plots (limed and unlimed) gave smaller 
yields of oat hay than any of the soluble-phosphate plots, with the 
exception of double acid phosphate (unlimed.) The yields of hay 
from the raw-rock plots, however, in 1905 and 1906 compared quite 
favorably with those of the other phosphate plots. 

The yields of most of the miscellaneous crops grown in 1907 were 
greater on the soluble phosphate, bone, and basic-slag plots than on 
those treated with raw rock phosphate, but the average yield ob- 
tained on plots treated with the latter material were very much 
greater than those of the check plots. 

In 1908 the yield of whitecap corn from the raw-rock plot 
(unlimed) was greater than that from any of the soluble-phosphate 
plots, but did not equal the yields of the ground-bone and basic-slag 
plots. On the limed series, however, the yields of corn were greater 
on the basic-slag, bone, and soluble-phosphate plots. The results with 
the few rows of turnips grown this same year ‘on the. limed series 
were more favorable to raw rock phosphate than to any other phos- 
phate application, but on the unlimed series basic-slag treatment 
showed to much greater advantage. 

In 1909 the yield of potatoes from the raw-rock plot (limed 
and unlimed) was exceeded by all the other phosphate plots except 
raw Redonda, dissolved bone black (unlimed) and double super- 
phosphate (unlimed). The rye which was planted in 1909 and 
harvested in 1910 gave considerably better yields on the plots (limed 
and unlimed) treated with slag, bone, and the soluble phosphates 
than on the raw-phosphate plots. The same was true of Hungarian 
hay which followed rye. In 1911, however, the yields of oats on 
the raw-rock plots compared very favorably with the yields from 
the plots which had received equal amounts of phosphoric acid in 
other forms. The hay crops in 1912 and 1913 were somewhat better 
on the slag, bone, and soluble-phosphate plots than on those treated 
with raw rock, but the yields of turnips this same year from the 
raw-rock plots compared favorably with those from the plots receiv- 
ing other phosphates, except dissolved bone black and basic slag 
(unlimed). 

In summing up the results of this long-time experiment it can be 
said that distinct increases in yields were obtained from the use of 
raw rock phosphate. In nearly every case where this material was 
applied in quantities supplying from two to three times as much 
phosphoric acid as acid phosphate it compared favorably with the 


EXPERIMENTAL WORK WITH RAW ROCK PHOSPHATE. 107 


_latter material after lying in the soil for some time (two years), and 
becoming thoroughly distributed through tillage and cultivation. 

On bringing up the applications of slag, bone, and acid phosphate 
_ to the point where equal amounts of phosphoric acid were added to 
all plots except the checks, the latter forms were on the whole some- 
what more effective than raw rock phosphate, particularly on the 
limed plots. This, however, is what might be expected in view of the 
greater solubility of bone, slag, and the acidulated phosphates and 
the greater ease with which they are distributed in the soil. Indeed, 
it seems rather surprising that raw rock phosphate should have given 
such continued increases in yield when the total quantity added in 
20 years (provided none was removed by the crop grown) was 
sufficient to add less than 0.03 per cent of phosphoric acid to the 
upper 9 inches of a soil of medium texture. When using a phos- 
phatic fertilizer, the effectiveness of which depends upon heavy ap- 
plications, the use of 2,000 or 2,500 pounds per acre in 20 years seems 
a very light application. 

A pot experiment with the soil taken from the 20 plots of the ex- 
periment field just described was undertaken by the Rhode Island 
station in 1905,1 just three years after the phosphoric acid applica- 
tions had been equalized on all the phosphate plots. Limed soil was 
taken from the odd numbered plots and unlimed soil from the even 
numbered plots. 

The results obtained in the growing of wheat for two weeks were 
fairly well in accord with the field results obtained on the same soil 
when equal applications of phosphoric acid were employed. In 
both cases the beneficial effect of lime was very marked. The short 
duration of this experiment, however, renders detailed discussion un- 
warranted. 

The results of the Rhode Island station’s work, in the opinion of 
the writers, point strongly to the value of raw rock phosphate as a 
fertilizer. Even when applied under such adverse conditions as in 
the station’s 20-year experiment the raw rock phosphate plots gave 
very marked increases over the no-fertilizer plots, and in many in- 
stances surpassed those treated with more soluble phosphates. The 
writers feel, however, that the data afforded by this experiment are 
insufficient to warrant a strict comparison of the relative merits of 
the various forms of phosphoric acid. 

SOUTH CAROLINA. 

While the South Carolina Experiment Station has reported 23 ex- 
periments with raw rock phosphate, 20? of these have been conducted 
for one year only and 2? for a period of three years. 

1R. I. Expt. Sta., Bul. No. 109 (1905). 

2S. @. Agr. Expt. Sta., Bul. No. 5 (1889); Bul. No. 12 (new series) (1893); Bul. No. 


14 (new series), p. 4 (1893) ; Bul. No. 18 (new series) (1894). 
29. C. Agr. Expt. Sta., Bul. No. 2 (new series) pp. 80-82 (1891). 
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A more valuable experiment with raw rock phosphate is that re- 
ported by Keitt* in 1914. While the results of four years’ work in 

the growing of corn and cotton on plots treated with various phos- — 
phates alone, and in combination with other fertilizer materials have 
been reported, this work is said to be only preliminary and is there- 
fore not discussed here. 

None of the experiments of the South Carolina station have been 
continued long enough to warrant discussion and therefore no con- 
clusions may be drawn concerning the value of raw rock phosphate 
as a fertilizer. 


TENNESSEE. 


The Tennessee station has published the results of 10? field ex- 
periments with raw rock phosphate. Seven of these experiments 
cover periods of only one to two years. 

The average results obtained in three experiments covering periods 
of from three to four years and conducted by, or under the direction 
of the State station, were published by Mooers* in 1912. A rotation 
of cowpeas and wheat was practiced in these experiments and four 
different types of phosphate fertilizers were tested both on limed and 
unlimed plots. . 

The beneficial effect of liming on these three forms was quite 
marked except in the case of the raw rock phosphate and basic slag 
plots. The latter material appears to have been the most effective of 
all the phosphates, owing in part no doubt to the free lime which it 
contained. 

If the average yields of all three forms are considered, the raw rock 
plots (unlimed) compare very favorably with the acid phosphate 
(unlimed) plots, but. where lime was applied the average yields 
were considerably more favorable to acid phosphate. 

If, however, the average yields obtained on the station farm only 
are considered (the experiment at this place having been conducted 
the longest) the raw rock phosphate plots compare favorably with 
those receiving acid phosphate and bone both on limed and unlimed 
land. 

These three experiments have not been running long enough to 
give conclusive evidence on the relative values of the four forms of 
phosphoric acid used and therefore are not repeated in detail, but the 
indications are that applications of raw rock phosphate were effec- 
tive in increasing the yield of various crops. 

1g, C. Agr. Expt. Sta., Bul. No. 178 (1914). 

$Tenn. Agr. Expt. Sta., Ann. Rept. 1885-1886, pp. 100-112 (1886); Bul. No. 2, vol. 
13, pp. 11-14 (1900) ; Bul. No. 1, vol. 16, pp. 14-16 (1903) ; Bul. No. 86 (1909) ; Bul. 


No. 90 (1910) ; Bul. No. 92 (1911) ; Bul. No. 96 (1912). 
®Tenn. Agr. Expt. Sta. Bul. No. 96, pp. 15-24 (1912). 
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In an article entitled “A Study of the Effect of Fertilizers on the 
Soluble Plant Food in the Soil, and on the Crop Yield,” Ellett and 
Hill,t showed the impracticability of accurately correlating the solu- 
bility of phosphates in a certain conventional solvent with their avail- 
ability to crops under soil conditions. The analytical work connected 
with the problem was checked against field results with corn ex- 
tending over a period of five years. 

The soil of the field used in this experiment was derived from the 
Shenandoah limestone, and consisted of a ight gray (Hagerstown) 
loam, ranging from 6 to 10 inches in depth and underlain by a red- 
dish yellow clay subsoil. “The cropping history of this particular 
soil is not definitely known, but it has probably been under cultiva- 
tion for not less than 75 years.” The total phosphoric acid content 
(0.113 per cent) was ample, though only 0.07 per cent was shown by 
the ordinary hydrochloric acid digestion method of analysis. 

The annual application per acre of the various fertilizers and the 
yields of corn (grain) *obtained are shown in Table LXV. Since 
none of the other phosphates was used in connection with carriers of 
nitrogen and potash, a comparison between them and acid phosphate 
is only possible where the latter was used alone. The results obtained 
on plots treated with mixtures of acid phosphate, nitrogen, and pot- 
ash are, therefore, omitted in the table. 


Taste LXV.—Yields per acre of corn obtained on plots receiving various forms 
of phosphoric acid (1907-1911). 


Plot Applica- evan 
num- Fertilizer. tion per| 1907 1908 1909 1910 1911 ales 
ber. acre. or ive 


1 Not included in average. 


The results obtained in this experiment are very confusing. If the 
difference in the yields of the check plots be considered’ for any 


8 Va. Agr. Expt. Sta. (Blacksburg). Ann. Rept. for 1911-12, pp. 116-132 (1913). 


‘ 
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single year, it appears that their relative natural fertility varied 
greatly, yet check plot No. 28, which yielded 3 less bushels of corn 
than check No. 12 in 1907, exceeded the yield of this latter plot in 
1908, by nearly 11 bushels. These same inconsistencies are noticeable 
throughout the table. The plot receiving a fair application of lime 
gave better yields than any of the phosphate treated plots, yet the 
plots treated with basic slag, which is richer in lime than any of the 
other phosphates, gave poorer yields than either of the “ floats” plots 
and two out of three of the acid phosphate plots. While the raw 
rock phosphate plots produced on the whole better results than those 
treated with either of the other forms of phosphoric acid, the average 
yield of corn on these plots for the entire five-year period was only 
1 bushel greater than the average on all the check plots. 

In view of the fact that the applicat:ons of raw rock were entirely 
too light to prove effective and moreover were only from one-sixth 
to one-half as great as those of acid phosphate, no comparison be- 
tween the two forms of phosphoric acid would be justified even had 
the soil been responsive to phosphate treatment. Practically the 
only conclusion to be drawn from these results is that all forms of 
phosphoric acid were ineffective. 

Ellett and Hill* also published the results of four pot experiments 
with various phosphates on different but important Virginia soil 
types. The tests were made in the greenhouse and were similar in 
all respects. Twenty-five pounds of each soil type was taken for each 
pot, the fertilizer added, and the whole thoroughly mixed. The 
moisture content was maintained in each pot throughout the experi- 
ment at about one-half the water holding capacity of each soil. The 
seed planted, the number of plants per pot, and the fertilizer treat- 
ments were the same for each series of pots. Every treatment was 
run in quadruplicate. The various soil types employed were as fol- 
lows: (1) A typical Coastal Plain sandy soil, low in phosphoric 
acid; (2) a Piedmont “ Red Lands” clay soil well supplied with phos- 
phoric acid and potash but low in nitrogen; (3) a Piedmont choco- 
late-colored clay loam suitable for general agriculture, with rather 
high contents of potash and phosphoric acid, but low in nitrogen; 
(4) a Piedmont gray sandy soil lower in its content of phosphoric 
acid and potash than the chocolate clay loam and very poor in 
nitrogen. 

The results of the pot experiments with these soils are given in 
Table LXVI. 


1Va. Agr. Expt. Sta. (Blacksburg). Bul. No. 200, p. 24 (1912). 
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Taste LXV1I.—Yields of oats obtained in four pot experiments with various 
types of soil. 


Yields of oats, average of four pots. 


Z Application 
Fertilizer. per acre. | Goa.¢4] | Piedmont, | Piedmont 


t, Piedmont, 
Plain soil. Red 1 Lands phorelais gray soil. 


SSS 
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With the exception of the Coastal Piain soil, the various types 
seemed to respond more readily to nitrogen than to phosphoric acid 
applications. On the basis of equal applications of phosphoric acid, 
however, the acid phosphate pots gave considerably better yields 
than those treated with raw rock phosphate, the latter material ap- 
parently producing no effect whatever. The rate of application, 
however, was so low, and the duration of the experiments so brief, 
_ that appreciable increases in yield could hardly be expected. 

In 1913 Johnson,? of the Virginia Truck Station, published the 
results of a fertilizer experiment in the growing of kale. This ex- 
periment was the outgrowth of one begun in 1908, the object of which 
was to determine the relative value of various fertilizer materials 
and the best quantities to apply, and also to determine the relative 
value of stable manure and clover as sources of humus both with 
and without lime. 

The fertilizer treatment was continued over a period of five years, 
but the results of only one year (1913) are recorded. The ground 
raw rock phosphate plots compared very favorably with the acid 
phosphate plots, but the best yields were obtained from the use 
of bone products, owing probably to the nitrogen contained in the 
latter. However, the limited data recorded render the results of this 
experiment inconclusive. 

The work of the Virginia station has not as yet been extensive 
enough to justify a comparison of acid phosphate with ground raw 
rock phosphate, particularly as in every experiment the applications 
of the latter material have been too light to get the full benefit from 
such an insoluble substance. 


1'The amount of phosphoric acid applied was sufficient to add about 0.0014 per cent of 
P.O; to the first 9 inches of a soil of medium texture, 
2Va. Truck Expt. Sta., Bul. No. 9 (1913). 
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WASHINGTON AND WEST VIRGINIA. 


Only one field experiment + with raw rock phosphate has been pub- 
lished by the Washington Experiment Station, and four? by the 
West Virginia station. None of these have been continued beyond 
one year, so they are not repeated in detail. 


WISCONSIN. 


Four field experiments* with raw rock phosphate have thus far 
been reported by the Wisconsin Experiment Station, but since none 
of them have been continued beyond two years they are not consid- 
ered in detail in this bulletin. 

The excellent work of Truog,* Tottingham and Hoffman® and 
Fred and Hart ® on the solubility and availability of phosphates and 
the mutual action of bacteria and phosphates on one another is dis- - 
cussed elsewhere in this bulletin. 

While the results of the Wisconsin station’s work on ground raw 
rock are too limited to draw any definite conclusions, the indications 
point to its value as a fertilizer on peaty soils. No comparison of 
acid phosphate and raw rock phosphate, however, is warranted. 


Be tin OF FARMERS WITH RAW ROCK PHOSPHATE AS A 
FERTILIZER. 

While the field work of the State experiment stations is as a rule 
much more valuable to the student of agriculture and their results 
much easier of interpretation, at the same time the experience and 
opinions of a large number of progressive farmers who have given 
raw rock phosphate a fair trial, are of considerable value and 
worthy of serious consideration. 

In order to determine the sentiment of such farmers toward raw 
rock phosphate a letter and set of questions was sent to each of 1,000 
farmers in various parts of the country who had ordered more than 
one shipment of this material. It might be argued that this method 
of choosing names was hardly fair and on its face favorable to raw 
rock phosphate, since the fact that the orders for this material 
were repeated indicates very strongly that the consumers considered 
it effective. On the other hand it is probable that those who sent in 
but one order for raw rock phosphate reached an unfavorable deci- 
sion concerning its fertilizer value before they had given it a fair 


1 Wash. Agr. Expt. Sta., Popular Bul. No. 49 (1912). 

2W. Va. Agr. Expt. Sta., Bul. No. 28, pp. 57-60 (1892). 

3 Wis. Agr. Expt. Sta., 22d Ann. Rept., pp. 275, 281 (1905) ; Bul. No. 147, pp. 27-34 
(1907) ; 24th Ann. Rept., pp. 261-271 (1908) ; Bul. No. 202, pp. 8-11 (1911); Bul. No. 
205, pp. 9-12 (1911). 

4 Wis. Agr. Expt. Sta.; Research Bul. No. 20 (1912). 

5 Wis. Agr. Expt Sta., Research Bul. No. 29 (1913). 

Wis. Agr. Expt. Sta., Research Bul. No. 35 (1915). 
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trial, and therefore their opinions would be less valuable than those 
who had used the material through a term of years. 

Replies were received from 315 farmers, most of them in the 
Middle West where raw rock has been tried out much more exten- 
sively than in the East or South. 

Of this number 219 or 69.6 per cent reported favorable results from 
the use of raw rock phosphate, 55 or 17.4 per cent were doubtful 
about its value, and 41 or 13 per cent regarded the material un- 
favorably. 

Many of the responses were very incomplete and in most instances 
no check plots were employed. In no case was a reliable comparison 
made between acid phosphate and raw rock. 

A summary of the data obtained is given in Table LX VII (p. 114). 


SUMMARY. 


Much doubt and difference of opinion exists concerning the fer- 
tilizer value of ground raw rock phosphate, but the use of this ma- 
terial has slowly increased until the annual consumption is now in 
excess of 91,000 tons. 

Numerous experiments have been conducted with this material in 
the field, greenhouse, and laboratory, and while many of these ex- 
periments are of very little value, others warrant serious considera- 
tion. To avoid confusing the reader by a mass of data of doubtful 
value no field experiments of less than five years’ duration have been 
recorded in detail in this bulletin. 

The use of ground raw rock phosphate as a fertilizer in this coun- 
try dates back to the early days of the South Carolina phosphate 
industry, but the Pennsylvania State Experiment Station recorded 
the first field experiment with this material in 1885. Since that date 
the work has been taken up by practically all of the stations east of 
the Mississippi River and a few of those west. 

Since natural phosphate of lime or phosphorite is very resistant to 
weathering influences, it can not ordinarily be expected to yield its 
phosphoric acid readily to the soil solution, but by subjecting it to 
some chemical treatment by which it is rendered water soluble, its 
effectiveness is greatly increased. On the other hand, if the rock 
is ground to an impalpable powder (floats) and applied to the soil 
in such large quantities that an enormous surface is exposed to the 
action of the soil waters, a considerable amount will eventually be 
dissolved. Since carbon dioxide (in solution) and bacteria also affect 
the solubility of raw rock phosphate, it is reasonable to expect the 
latter to be more effective on soils high in organic matter. This 
effect may be expected to be particularly marked on soils of low 
phosphoric acid content. 

56841°—Bull. 699—18——8 
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The problem of determining the agricultural value of ground raw 
rock phosphate has been attacked through the media of laboratory, 
greenhouse, and field experiments. The laboratory investigations 
may be classified under the four following heads: (1) Determination 
of composition of rock. (2) Methods of determining availability of 
phosphates. (8) Effect of fineness of division on its solubility or 
availability. (4) Effect of organic fermentation on its solubility and 
availability. 

In the analysis of rock phosphate for direct application to the field 
it is often only necessary to determine the quantity of phosphoric 
acid present in the sample. 

Practically all of the methods so far proposed to determine the 
availability of phosphates are empirical and none of them which 
recommend that the phosphate be kept in contact with a definite 
quantity of solvent for a limited time can show any sharp distinction 
between the amounts of phosphoric acid available and unavailable 
under soil conditions. 

The fineness to which rock phosphate is ground has been found to 
have a very important influence on its solubility in certain conven- 
tional solvents as well as upon its availability to crops. Greater 
yields of peas, barley, rape, and oats were obtained where floats were 
applied than where the phosphate was applied in coarser particles. 
The solubility of the very finely ground material in certain conven- 
tional solvents was also found to be considerably greater than when 
the rock was less finely ground. 

Tt has been pretty well demonstrated that bacteria have an appre- 
ciable effect upon natural phosphates. When bacterial activity is 
accompanied by the formation of acid (carbon dioxide) the solvent 
action exerted on the rock phosphate is quite marked. In the case 
of fermenting manure, however, it has been found that the manure 
organisms fix or absorb phosphoric acid from natural phosphates, 
the latter actually showing a decreased solubility after being in con- 
tact with the manure for some time. But it has further been shown 
that the availability of the phosphorus in the cells of such organisms 

is as great as that in acid phosphate. Moreover, after fermentation 
has ceased, the phosphorus is released in forms soluble in carbonated 
vaters. In nearly all of the experiments conducted to determine the 
effect of fermentation on rock phosphate, some conventional solution, 
usually a weak acid, has been employed to measure the availability of 
the altered phosphate. It has already been pointed out that most of 
these solvents do not serve as indices to the phosphoric acid available 
under soil conditions. 

The presence of decaying organic matter in the soil, accompanied 
as it always is by greater bacterial activity and an increased amount 
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of carbon dioxide, is a potent factor in rendering rock phosphate 
available to crops. 

The advantage of pot and greenhouse work lies in the fact that 
by the exercise of the greatest care the conditions under which the 
crops are grown may be, to a large extent, controlled. 

The final proof of the value of raw rock phosphate as a fertilizer 
must rest upon field experiments. A large amount of field work has 
been conducted with this material under a variety of conditions, but 
unless the numerous factors influencing crop yields be taken into con- 
sideration the results appear very conflicting. In considering the 
results of field experiments, careful attention must be given to the 
following facters: (1) Uniformity of experiment field, (2) topog- 
raphy and drainage conditions, (3) physical and chemical composi- 
tion of the soil, (4) previous treatment of the field, (5) climatic con- 
ditions, (6) injuries from disease, insects, and animals, (7) kind of 
crops grown and selection of seed, (8) rate of application and uni- 
form distribution of phosphates, (9) methods of comparing raw rock 
with other phosphates, (10) effect of other fertilizers, (11) number 
and distribution of plots, (12) duration of the experiment. 

Two hundred and thirty-two field experiments with raw rock phos- 
phate have been reported by the State experiment stations. Of this 
number only the 37 experiments given detailed consideration in this 
bulletin were conducted for a period of five years or longer. A sum- 

mary of these 37 field tests is given in Table LXVIII, but in view of 
_ the fact that nearly all of these tests were conducted under different 
conditions and involve the consideration of variable factors, it is ob- 
viously impossible to classify the data in such a way as to give each 
experiment its proper weight. The classification given in the table 
therefore is in some instances necessarily arbitrary. 

Out of the 387 tests given in Table LX VIII, 22 were carried on 
with a view to comparing the relative merits of raw rock and acid 
phosphate. The conditions under which such a comparison was at- 
tempted varied greatly, but it may be said that in a general way 13 
of these experiments or 59.1 per cent gave crop yields as favorable to 
raw rock as to the more soluble form of phosphoric acid. Of the 
9 experiments in which raw rock did not compare favorably with 
acid phosphate, 2 were conducted on fields unresponsive to phosphate 
treatments, and 2 gave results which could be classed as either favor- 
able or unfavorable, depending on the method of interpretation 
employed. 

Of the 15 experiments in which no comparison between ground raw 
rock and acid phosphate was attempted, 11 or 73.3 per cent gave 
results strongly indicating beneficial effects from the applications 
of the former material, and 2 of the remaining 4 experiments were 
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conducted on fields showing little or no response to phosphate 
treatment. 

In 21 experiments the applications of raw rock phosphate were 
relatively light (250 pounds or less per acre), yet 15 of these ex- — 
periments or 71.4 per cent showed distinctly favorable increases in 
yields on the plots treated with this material. 

In 16 experiments where the raw rock phosphate applications were 
more liberal, 138 or 81.3 per cent resulted favorably to raw-rock 
phosphate, and the remaining 3 experiments were conducted on soils 
showing little or no response to phosphate treatment. 

Raw rock phosphate was applied in connection with organic matter 
in 23 experiments. Out of this number 18 or 78.3 per cent gave dis- 
tinctly favorable results, and of the 5 remaining experiments 3 were 
conducted on fields unresponsive to other forms of phosphoric acid. 

In regard to the cumulative effect of ground raw rock phosphate 
it may be said that in 17 instances (46 per cent of the entire number 
of experiments) there was evidence of greater availability after raw 
rock had been applied for a number of years. In 13 out of the re- 
maining 20 experiments the data are not sufficient to give evidence 
on this point, and in 4 out of the 7 cases where no cumulative effect 
was shown the soils were not responsive to phosphate treatments. 

In order to determine the sentiment toward ground raw rock phos- 
phate as a fertilizer a letter and set of questions were sent to each of 
1,000 progressive farmers who had used the material for one or more 
years. Out of 315 replies, 219 farmers or 69.6 per cent were favor- 
able to its use, 55 or 17.5 per cent were doubtful concerning its value, 
and 41 or 13 per cent regarded the material unfavorably. 


CONCLUSIONS. 


The data presented in this paper were gathered in order that those 
interested in the use of raw rock phosphate might draw their own 
conclusions. The classification of the experimental work according 
to states was made so that the experience with this material in each 
particular locality might be studied in the least possible time. Some 
of the experiments, however, undoubtedly conflict and in others, re- 
sults which on close analysis agree fairly well, appear on the surface 
contradictory. It is hoped, however, that by carefully considering 
the factors influencing crop yields as outlined in page 18 to page 28, 
and applying them to the individual experiments much confusion 
can be avoided and the reader be able to obtain a fairly clear idea 
of the value of the results. 

While the writers do not wish to influence the judgment of anyone 
reading this paper, they feel, after carefully weighing the data con- 
tained therein, that certain general conclusions are justified. 
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(1) The conventional laboratory methods so far proposed for de- 
termining the availability of phosphoric acid in various phosphates, 
while of some use, do not necessarily serve as an index to its avail- 
ability under soil conditions. 

(2) Field experiments conducted for only one or two years, where 
the various fertilizer treatments are not replicated or where no index 
is given to the relative natural fertility of the various TEOS employed, 
oes little or no meaning. 

(3) The application of liberal and even medium quantities of 
raw rock phosphate to most soils produces an increase in the yields 
of many crops the first year. 

(4) The effectiveness of raw rock phosphate depends largely on 
its thorough distribution in the soil, this distribution being brought 
about by liberal applications of very finely divided material and 
thorough cultivation. 

(5) The presence of decaying organic matter in the soil increases 
the effectiveness of ground raw rock phosphate, owing probably both 
to greater bacterial activity and the higher content of carbon dioxide 
in such soils. 

(6) As a corollary of (4) and (5) the effectiveness of raw rock 
phosphate is usually increased after remaining in the soil for a 
year or more. 

(7) Most crops respond more quickly to applications of acid 
phosphate than to bone, basic slag, or raw rock phosphate. There- 
fore, where the early stimulation and quick maturity of the crop are 
the main considerations, acid phosphate is probably the best form of 
phosphoric acid to apply. 

(8) Field experiments in which raw rock phosphate and acid 
phosphate are compared on the basis of equal applications of the two 
materials or on equal applications of phosphoric acid in the two 
forms result often in favor of acid phosphate (particularly when such 
experiments are conducted for a short period), as in order to get the 
maximum benefit from the natural phosphates they must be applied 
at a rate far exceeding that at which acid phosphate proves effective. 

(9) The question whether increases in yield can ordinarily be pro- 
_ duced more economically by applications of the soluble or relatively 
insoluble phosphates must be considered in a measure a separate 
problem for each farmer, since it depends on a number of factors 
of which the most important are the nature of the soil, the crop system 
employed, the price of the various phosphates in each particular 
locality, and the length of the growing season, 
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CLIMATE AND PLANT GROWTH IN CERTAIN 
VEGETATIVE ASSOCIATIONS. 


By ArtHur W. Sampson, Plant Heologist, Forest Service. 
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THE PROBLEM. 


The relation of climate to the growth and development of vegeta- 
tion is of profound importance in both practical and experimental 
agriculture. It is extremely useful to know the cause of successful 
growth and establishment, or of partial success or failure, of various 
species in different plant associations and under widely contrasted 
climatic conditions. The climatic requirements of various plant types 
are largely responsible for the results obtained in the case of experi- 
mental seedings and plantings of most species. Once the adverse 
climatic factors are definitely known, failures with plants may be 
-largely avoided-by the judicious selection of sites or of species espe- 
cially adapted to withstand the limiting factors. Therefore, a series 
of experiments was undertaken, (a) to obtain a comparison of the 
climatic requirements of the main plant types, and (b) to determine, 
quantitatively, the relation between various environmental factors on 
the one hand and plant growth and certain other physiological func- 
tions on the other. The results obtained appear to be conclusive 
in most instances and should prove of value both in experimental and 
in practical agriculture and forestry. 


1The author is indebted to F. Merrill Hildebrandt for material assistance in procuring 
and assembling the data presented in this paper. 
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It is a matter of common knowledge that the life cycle and struc- 
tural characteristics of plants are largely determined by the climatic 
conditions prevailing in the habitat, but the quantitative relations 
existing between the potent climatic factors and the vegetative activi- 
ties are not well known. Though the ecologist and plant geographer 
have shown that a given plant association may have well-defined 
geographical limits,’ which in turn are characterized by rather dis- 
tinct complexes cf environmental (climatic) conditions, they have 
not as yet definitely determined which climatic factor, or set of fac- 
tors, is most influential in affecting distribution, growth, and physio- 
logical activities generally.2 This is attributable to several condi- 
tions. In the first place, the relation of plant development to envi- 
ronment is exceedingly complicated and can be determined quanti- — 
tatively only when the most influential physical factors are recog- 
nized, recorded, and properly interpreted. Secondly, the climatic 
factors of a given habitat, and, indeed, of different habitats, which 
have to do with the limitation of the life process, are in themselves 
more or less indefinite; they are highly complicated and variable, 
and their intensity can not always be measured fully by instruments. 
In the third place, methods have not been sufficiently advanced to 
warrant serious investigations. Owing to present lack of knowledge 
of the response of plant activities to climate, there is wide diversity 
of opinion as to how best to summarize and integrate climatic data. 
Temperature studies conducted by Livingston,’ Lehenbauer,* Mer- 
riam,° and McLean,® and researches on soil humidity and “ growth — 
water” carried out by Briggs and Shantz,’ Shreve,* Fuller,? and 
others have shown that climatic factors can not to advantage be 
expressed empirically. Suitable methods of integrating the potent 
climatic factors, as well as of recording growth and other plant func- — 


1 Drude, O. Entwurf einer biologischen Hintheilung der Gewiichse. (A. Shenk, Hand- 
buch der Botanik, III, p. 487.) 

2 As a preliminary study it would be desirable to reduce the complexes of the environ- 
mental factors to their simplest form, which, under controlled conditions, might be ac- 
complished by maintaining constant all but the factor investigated, and in this way 
determining the effectiveness of each. This being done, however, the combined influence 
would have to be integrated in order to approach conditions in nature. Further, since 
under natural conditions climatic factors vary widely, both in intensity and in dura- 
tion, such important variations must necessarily be included in the equation. 

® Livingston, B. E. and G. J., Temperature coefficients in plant geography and cli- 
matology. Bot. Gaz. 56: 346-375. 1913. ; 

*Lehenbauer, P. A., Growth of maize seedlings in relation to temperature. Physiol. 
Res. 1: 247-288. 1914. 

5 Merriam, C. Hart, Laws of temperature control of the geographic distribution of 
plants and animals. Natl. Geog. Mag. G6: 229-238. 1894. 

§Mchean, F. T., A preliminary study of climatic conditions in Maryland, as related 
to plant growth. Physiol. Res. 2: 129-207. 1917. 

7 Briggs, Lyman J., and Shantz, H. L., The wilting coefficient for different plants and 
its direct determination. U.S. Dept. Agr. Bul. No. 230: 7-77. 1912. 

®§ Shreve, F'., Rainfall as a determinant of soil moisture. Plant World. 17: 9—26. 
1914. 

® Fuller, George D., Evaporation and soil moisture as related to the succession of plant 
associations, Bot, Gaz, 58; 193-234. 1914. : 
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tions of comparable or “standard” plants developed under the par- 
ticular climatic conditions summarized, are essential steps in a 
successful investigation 


THE EXPERIMENTS. 


The investigations here reported were conducted in the vicinity 
of the Great Basin Forest Experiment Station, located on that part 
of the Wasatch Mountains embraced by the Manti National Forest in 
central Utah. Here, from the foothills to the highest elevations, be- 
tween altitudes of approximately 7,000 and 11,000 feet, three distinct 
plant associations (identical in this locality with vegetative types or 
life zones) occur. In the heart of each of these associations a type 
station was selected in 1913. From 1913 to 1916 the more important 
environmental factors were recorded, and, accordingly, the climatic 
characteristics of each type-zone are well known. The investigation 
of the influence of the weather upon the development of comparable 
plants, with which the present paper is chiefly concerned, was begun 
in 1915 and continued and extended in 1916. The types here recog- 

nized and their approximate altitudinal limits.are as follows: 


Sagebrush-rabbit-brush association ___._______feet__ 5, 200— 6, 500 
@ak-brush association ______________________do____ 6, 500— 7, 800 
Aspen-fir association______________ eee eee COLLIE 1, HOS 9), BOO 
SVRUGEim ASSOCIAbIONe | ee do 9, 000-11, 000 


As indicated by the plants typifying the respective associations, all 
but the lowest are forested. No special investigations were con- 
ducted in the treeless type. 

The meteorological stations are located at elevations of 7,100, 
8,700, and 10,000 feet. They are all in the same canyon, and the 
distance between the lowest and the highest stations in an air line 
is approximately 5 miles. Owing to the possibility of the results 
being influenced by the presence of trees and other objects in the 
vicinity of the physical instruments and growing plants, the stations 
are all located in the open, on slopes dipping slightly to the south, 
and no vegetation is so close as to cast shadows on the instruments or 
potometers, except for a few minutes at sunrise and sunset. Also, 
the instruments and plants are placed as near together as practicable 
(each type station covering one twenty-fifth of an acre), so that the 
conditions recorded may be practically identical with those acting 
upon the plants. 

The investigations have been concerned chiefly with (1) recording 
and summarizing the meteorological data, and (2) determining the 
relation of certain potent weather factors to growth, water require- 
ment, and certain other physiological functions of standard plants 
developed under different climatic conditions. Measurements of 
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growth and certain other activities were recorded from time to time 
throughout the season. The plants used in each station were a pedi- 
greed strain of Canadian field pea (Pisum arvense) known as the 
Kaiser variety, cultivated wheat (7riticum durwm) known as Ku- 
banka No. 1440, and mountain brome grass (Bromus marginatus) 
native to the Rocky Mountains. The seed was supplied by the United 
States Department of Agriculture and was of good viability. 


PREPARATION OF PLANTS. 


In 1915 seed of the plants grown in the three type stations as 
climatic “integrating instruments” was planted directly in poto- 
meters, without previous germination. In order to insure as prompt 
and uniform germination as possible, the seed, prior to planting, was 
soaked for 36 hours in water of approximately 65° F. The object 
of this was to start the plants at as nearly the zero point of growth 
and development as possible. 

Direct seeding, however, did not prove entirely satisfactory, chiefly 
because of the lack of uniformity in size and vigor of the resulting 
sprouts. In the absence of a known method of selecting seeds which 
would produce comparable plants, the seed used in obtaining standard 
plants for- investigations in 1916 was first germinated and then such 
sprouts as appeared to be of the same size and vigor were selected 
for planting. The sprouts were secured by a method which was a 
modification of the methods employed by Schreiner and Skinner? 
and other workers of the United States Bureau of Soils. The 
procedure was as follows: The seeds were disinfected for 15 minutes 
in a 1 to 500 solution of formaldehyde in water. Following this 
they were washed thoroughly and soaked for 36 hours at about 65° F., 
and then placed in a germinator consisting of a bed of sand over 
which two moist blotters were laid. The soaked seeds were placed 
between the blotters and a constant water level was maintained in the 
bed of sand, by means of a Marriotte flask, at such a point that the 
blotters were kept well moistened but not flooded. 

When the radicle was well formed the germinating seed was trans- 
ferred to a second germinator. This consisted of a circular granite- 
ware pan, 12 inches in diameter and 4 inches deep, the surface of 
which was covered with waxed (mosquito bar) netting held slightly 
above the surface of the pan by a glass rod 5 mm. in diameter, so 
bent as to form a frame. Into the pan a continuous flow of tap- 
water, the surface of which touched the netting, but never flooded it, 
was allowed to run. The radicles were inserted through the mesh, 
leaving the body of the seed partly dry. When the shoot had de- 


1 Schreiner, O., and Skinner, J. J. Some effects of a harmful organic soil constituent. 
U. S. Dept. Agr. Bur. Soils Bul. 70, 1910. 
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veloped to a length of about 25 inches the seedlings were transferred 
to the receptacles in which they were grown to maturity or until 
killed by frost. 


PLANTING. 


In order to insure luxuriant and healthy development of the plants, 
those observed throughout the season were grown in substantial heavy 
galvanized iron potometers. 

To protect them from injury by animals, hail, etc., the plants were 
grown under wire screen of the mesh usually used on screen doors, 
supported by light wooden frames. These screen frames decreased 
the light intensity between 40 and 50 per cent. 

Water was added to the potometers as needed, the need being de- 
termined by the weight of the cans. In no case was the soil allowed 
to dry to a point approaching closely its wilting coefficient, nor was 
it at any time flooded. In watering, the potometer was brought up 
to its original weight. The first watering was done about a month 
after planting and the second 15 days later. From then on it became 
necessary to add water about once a week in all stations and oftener 


in the drier situations. 
THE POTOMETERS. 


The potometers were 17 inches high and 14 inches in diameter, 
and had a capacity of 90 pounds of air-dry soil, which provided a 
soil mass at all times affording ample space for the proper develop- 
ment and spread of the roots.. The cans were fitted with lids of 
the same material as the cans, and five holes, ? of an inch in dia- 
amter, were punched in each for the plants. (Fig. 1, top view.) 
In the center of the cover a hole 1$ inches in diameter was provided, 
which was used in watering and was fitted with a cork stopper and 
a capillary tube bent at right angles. 

Before placing the lid, sufficient soil was removed in the center of 
the can to make room for a granite-ware receptacle 4 inches in height 
by 5 inches in diameter, perforated centrally in the bottom and un- 
derlaid with 14 inches of gravel, as shown in the sectional view of 
figure 1. This greatly facilited the addition of water. To add the 
water, a flask of known capacity was inverted and the water per- 
mitted gradually to percolate into the soil. 

After the lids were placed, the spaces between the rims and cans 
were closed by securely sealing them over with strips of surgeon’s 
adhesive tape 24 inches in width. The adhesive tape was then coated 
with shellac to prevent its loosening when wetted by rain. The 
method used in sealing and watering the plants was one devised by 
Briggs and Shantz,’ modified somewhat to suit special conditions. 


1 Briggs, Lyman J., and Shantz, H. L. The water requirements of plants. U. 8. Dept. 
Agr. Bur. Plant Ind. Bul. 284:8-14. 1913. 
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Fic. 1.—Pctometer used in growing plants to determine their water requirements. 
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THE SOIL. 


The soil surface exposed by the perforations in the lids was pro- 
tected from evaporation by a thin layer of wax consisting of a mix- 
ture of 3 parts of tallow and 7 parts of beeswax, applied in a melted 
condition. 

The soil of the region is, in the. main, of limestone origin, conse- 
quently soil of that type was selected. Except for the purpose of 
determining the relation of plant growth to soil fertility the soil 
used was taken from the upper 6 inches in a single situation in the 
aspen-fir type, and was uniform throughout all the potometers. In 
order to eliminate pebbles, roots, and other decomposed organic 
matter the soil was sifted through a 4-inch wire mesh. Because of 
the presence of a large amount of clay the native soil is not so porous 

‘as was desired, and for this reason sand was mixed with it in the 
proportion of 5 parts of soil to 1 part of sand. The soil used was 
rich in humus, 5 samples averaging 12 per cent by weight after mix- 
ing’ with the sand. ‘The addition of the sand reduced the wilting 
coefficient somewhat, the average being approximately 15 per cent. 
_After the soil was thoroughly mixed in the air-dry state, water 
was sprinkled over it until it had a “fresh” consistency; that is, 
the particles adhered in a lump when squeezed in the hand. Soil 
samples taken from each batch of soil after mixing and watering 
were found to average 31 per cent humidity, the variation being from 
28 to 34 per cent. The moist soil was moderately tamped in the 
potometers, so as to prevent breaking of the roots by cracking and 
settling of the soil when drying. The weight of the moist soil in the 
potometers averaged 135 pounds. ; 


EFFECT OF SOIL FERTILITY ON WATER REQUIREMENTS AND GROWTH. 


While it has long been known that the development of the plant 
and the amount of water required for the production of a unit of dry 
matter may vary widely according to the texture and fertility of the 
soil,t it was deemed advisable to determine the difference in water 
requirements and growth of plants developed in soils of the same 
origin and texture, but differing appreciably in organic matter. The 
two soils investigated were of limestone origin and formed within 50 
_ yards of each other in the spruce-fir type at about 10,000 feet eleva- 
tion. They may be briefly described as follows: 

(1) Infertile clay loam. The soil was well disintegrated, but owing 
to the destruction of most of the ground cover erosion and washing 
had diminished the humus content and to some extent the soluble 
salts. 


i 1 Sachs, J., Bericht tiber die physiologische Thitigskeit an der Versuchsstation in 
Tharandt. Landwirthschaftlichen Versuchsstationen. Vol. 1: 2385. i859. 


8 BULLETIN 700, U. §. DEPARTMENT OF AGRICULTURE. 


(2) Fertile clay loam. This was of the same general texture as the 
less fertile soil, but owing to the presence of an adequate * ground 
cover the soil had not been subject to washing and erosion. It ap- 
peared to be more mellow than the “infertile” clay loam and was 
darker in color. 

The more important chemical properties at the time of the begin- 
ning of the experiment were as follows: 


Se eee 


Phos- 
Soil j Lime Potash | phoric Total | Loss by 
x (CaO). (KO). acid nitrogen.| ignition. 
(P20s). 
| 
| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
Infertile clay loam...---.--.----------------;-------- 1. 26 1.53 0. 22 0.156 6. 64 
Fertile clay loam. --....-----------------------+----- 1.49 1.30 +33 - 488 14.65 
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Fic. 2.—Relative water requirements per unit dry weight for peas, native brome grass, 
and wheat grown in infertile and in fertile soils of the same type. 


The chief difference chemically was in the total nitrogen content. 
Also there was a wide difference in the humus content as determined 
by incineration. The difference in the latter was largely responsible 
for the contrast in the wilting coefficients of the soils, this factor 
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being 19.3 per cent in the fertile loam soil and 15.6 per cent in the 
infertile loam. 

After sifting and preparing the soils for the reception of the plants 
according to the procedure previously described, two hermetically 
sealed batteries of each soil type were planted with sprouts of wheat 
of about equal leaf area and thrift, two with Canadian field peas, and 
one each with mountain brome grass. Thus 10 plants each of wheat. 
and peas, and 5 of brome grass were grown in each soil type. The 
- potometers were placed in the meteorological station of the aspen-fir 
type, where the plants were grown until inclement weather set in in 
the autumn. 

The water requirements for the production of a unit of dry matter 
of field peas, mountain brome grass, wheat, and wheat heads in the 
two soils are shown in Table 1, and graphically in figure 2. 


TABLE 1.—Water requirement in grams of peas, brome grass, wheat, and wheat 
heads per gram of dry matter. 


‘ Brome Wheat 

Soil. Peas. grass. Wheat. neadee 

Ranier (ler SOI yea em oe ersni see a ae ces eaecicls = Ee a 841 1,339 472 1,370 

HETHILG Goll 2 cessed kee oe Sco de EE Oe Cae Doar SORE Seen © Scat 467 1,110 343 407 
IECTAGCERIKGTHILCTENCE ths) yoke. eels eee css. sees Be 80.3 20.6 37.6 236.6 


‘In all cases notably more water was required for the production of 
a unit of dry matter in the infertile loam soil than in the fertile loam. 
The difference was greater in the peas than in the brome grass or the 
wheat. The brome grass was less influenced than either wheat or 
peas. The greatest difference occurred in the production of wheat 
heads, there being a requirement of 237 per cent more in the infertile 
than in the fertile soil. Under natural conditions brome grass grows 
in soils of relatively low fertility, and the species succeeds in com- 
pleting its life cycle in soils similar to the infertile soil here experi- 
mented with. 

In summing up the total water used by the plants grown in the two 
selected soils it was found that a great deal more was consumed by 
the plants grown in the fertile than in the infertile soil, despite the 
fact that much more water was required by the plants grown in the 
infertile soil per unit of dry matter. 

It is noteworthy that a wide variation exists between the water 
requirement per unit of dry matter of brome grass and that of peas 
and wheat, even when the plants are grown in the same sort of soil. 
_ Thus in the case of the fertile soil brome grass uses more than twice 
as much water as the other two species, while in the infertile soil the 
ratio is practically the same.t. This wide difference in water require- 


1 For a review of literature bearing on the subject, see Briggs, L. J., and Shantz, H. L. 
The Water Requirements of Plants, II. A Review of the Literature. U. S. Dept. of 
Agr. B. P. I. Bull. 285. 1913. 
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ment led to an examination of the character and extent of the root 
systems of the species in question. ‘The examinations showed that the 
extent of root system varied widely, as is shown in Table 2, and fig- 
ure 3. 


TABLE 2.—Relation of acrial and subterranean parts of peas, wheat, and brome 
arass, and comparative water requirements of aerial growth and of aerial 
and root development combined. : 


Water 

Water | require- 
F require- | ment per 

Plant Weight | Weight Habits ment per| gram of 

Eas ofroots. | of tops. | “4%.'° | gram of 

18 dry matter 
matter. | including 

roots. 

Grams. | Grams. | Per cent.| Grams. | Grams. 
EXE IS) Se SAE Re RE RICE a RCo es ener er LIS 7.00 231.31 3.03 368 358 
AACE Ret Oe ees Soe ene opens Sea ee SNe © a 8. 70 264. 92 3.3 358 279 
ES FOUMICIETASSI fare le Ae en ge s e ee nee eaee 12. 82 60. 11 21.3 516 413 


Table 2 shows that the dry weight of the roots of peas was approxi- 
mately 3 per cent of the dry weight of the tops, and the roots of wheat 
about 3.3 per cent; in the case of the brome grass the roots weighed 
21.4 per cent as much as the tops. Hence the ratio of roots to tops 
in the case of brome grass was about 1:5, while in wheat and peas 
the roots showed a ratio of root to top by weight of about 1:30. In 
other words, brome grass had about six times as much root in com- 
parison to the top as the other two species. 

From these figures it would seem that the determination of the 
water requirement of the plant, on the basis of the dry weight of the 
aerial growth, is not necessarily an index to the ability of the plant 
to grow successfully in dry situations. To determine the moisture- 
absorbing power of a species account must also be taken of the depth 
and spread of the root system, as the volume of soil through which 
the roots penetrate is of the utmost importance in determining not 
only the amount of water available to the plant but the amount re- 
quired by the tops. A plant may have a high water requirement | 
when it is calculated on the basis of the weight of the tops, but at the 
same time it may be possessed of a root system great enough to supply 
the water necessary to the tops through its increased power to absorb. 
When the total water transpired by the plant is charged to the dry 
weight of the plant as a whole—that is, both aerial and subterranean 
parts—the water requirement data per unit of dry matter are quite 
different from those calculated on the aerial basis, as is shown in 
figure 3. 

Since two factors, (1) water requirement, or expenditure, and (2) 
water gathering, or accumulation, are involved in the development of 
vegetation, further investigations may prove that the determination 
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Fig. 3.—Water requirement of aerial and subterranean parts of peas, wheat, and brome 


grass, compared with the ratio of roots to aerial portion. 
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of water requirement on the basis of the plant as a whole may afford 
a more reliable index of successful growth in relation to drought than 
taking into account only the aerial portion of the plant. Most of 
the work on water requirement has been done in connection with 
cultivated plants, the root systems of which are small as compared 
with certain native species which may be classed as conservative users 
of water. The more dissimilar the root systems of species compared 
the less reliable the water requirement data will be unless the roots 
as well as the tops are taken into account. 

The appreciably greater amount of water used by the plants grown 
in the fertile soil over those grown in the infertile soil is accounted 
for by the fact that the plants grew much more luxuriantly in the 
richer soil; hence the transpiration was much greater, and at the end 
of the season much more dry matter had been produced on the fertile 
than on the infertile soil. Exact data as to the vegetative develop- 
ment and the total water requirements of the species grown in the two 
soils are <hown in n Table 3. 


TABLE 3.—Summary of vegetative growth and water requirements of peas, brome 
grass, and wheat. 


Peas. Native brome grass. Wheat. 
Data determined. Si 
Infertile | Fertile | Infertile | Fertile | Infertile | Fertile 
soil. soil. soil. soil. soil. soil. 

Number ofleaves.....--.+...---2-22------5 42 112 35 84 22 47 

IL@pyi erneqiav Gotten.) Sooousdesceseseeasnasasce 791 2, 634 2, 902 -5, 218 4, 474 10, 080 

Dry weight (Grams) 35227 sees se eesee ee 0.79 6. 55 0. 41 0.85 5. 52 12.09 

Water used per plant (grams)......---.-.-- 667 3, 051 553 944 2,516 3, 820 
Water requirement per unit dry matter : 

(agin) Bee pemese ease Sheree sMace Bane aoe 841 467 1, 367 1,110 472 343 


The graphical representation (fig. 4) of Table 3 shows remarkable 
contrast in the vegetative growth and total water requirement of the 
plants developed in the two soils. The number of leaves produced 
by field peas, for example, in the infertile soil as compared with that 
of the fertile soil is as 1 to 2.7; the leaf length, 1 to 3.3; the total dry 
weight produced, 1 to 8.3; and the water used per plant, 1 to 4.6. 
Similar contrasts are shown in the case of the other two species. 
The ratio in the water requirement per unit of dry matter, on the 
other hand, is reversed in the case of each species, as has previously 
been shown. : 

The above data show clearly the importance of exercising the 
greatest care in the selection and subsequent treatment of soils for 
the study of comparative growth of standard plants as a means of 
integrating climate. While soils obtained within a limited space 
and at the same depth, and having uniform appearance in color, 
texture, and other essentials, may be similar in many respects, they 
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may. differ appreciably in their crop-producing potentialities. Thor- 
ough mixing of the soil, therefore, regardless of the care with which 
it has been selected, can not be overemphasized as a means of avoiding 
outstanding errors from this source in experimentation. 


MEASUREMENT OF PLANTS. 


At each of the type stations measurements of growth were made 
on the following number of specimens: 20.of wheat, 10 of peas, and 5 
of native brome grass. The lid of each potometer contained five 
evenly spaced perforations (fig. 1). In the case of wheat, 10 seed- 
lings were planted in each pot, 2 in each perforation; while in the 
case of peas and brome grass, each pot contained only 5 plants. 

Throughout the growing season both leaves and stems of the plants 
were measured at regular intervals. The object of the measurements 
was to obtain data as to the relation of the environment to (1) the 
tendency of the plants to elongate their stems and (2) the tendency 
of the plants to expand their leaves. Measurements of the stems 
furnished direct data as to the rate of elongation of the plants. In 
obtaining leaf expansion, however, indices had to be used instead 
of actual figures on leaf area. Hence in the case of the grasses the 
leaf expansion was obtained by recording the length of the leaves; 
for, as will be shown in the calculation of the experimental error, 
leaf length is proportional to leaf area. In the case of the peas, an 
index of leaf area was obtained by recording the number of leaflets, 
as they were found to be of rather constant average size and were 
considered as units of area. 

Since the seedlings were all of uniform size and ‘inconsiderable in 
comparison to the subsequent growth of the plant, the measurements 
were considered as beginning at zero. During the first half of the 
growing season all the plants were measured at 10-day intervals. 
Owing to the number of plants grown and their luxuriant develop- 
ment, it became impossible in the first week in August to remeasure 
all of the plants at 10-day intervals; so from then on the measure- 
ments were made once a month. 

At the end of the growing season in each type the plants were cut 
at the junction of the stem and the lid of the potometer, and the 
measurement again recorded. In addition, the dry weight and the ash 
content were determined. In the case of plants grown in the aspen- 
fir association, the soil was washed away from the roots and the dry 
weight of the latter obtained. 


EXPERIMENTAL ERROR. 


In determining the rates of growth and other physiological activi- 
ties for a given species some variations are sure to be found in indi- 
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vidual specimens or in plants grown in a single battery. These vari- 
ations may be due to such features as slight differences in the fertility 
of the soil, but mainly they are accounted for by the natural tendency 
of individual plants to vary. In order to eliminate such individual 
variations, it is necessary to average the results secured from a large 
number of plants. In the present experiment the number of plants 
was sufficiently large to render the probable error of the average 
measurements of any battery at a given station much less than the 
‘difference in measurements between the plants of this battery and 
those of the corresponding batteries of the other stations. This fact 
is brought out in Table 4. 


TABLE 4.—Compuarison between average error of the plant measurements at a 
given type station and the difference in a results of the respective 
type stations.’ 


> Differ- 
ence 
Plant Error | Percent | between 
Plant. Type station. measure- in average | measure- 
ments. | average. | error. ments 
at type 
stations. 
: Mm. Mm. Mm. 
WRHOMIe OT ASS 2s soe de opie oe = Oak-brushi- 3c... Sseeeee 12, 569 1,358 LOXSON Seeeee rere 
ASDCU I 22 2. = ee 19, 103 2, 708 14.12 6, 534 
SPLICE. -ra----- =- eee 5, 064 818 16.13 14, 039 
SNVIRCRAIS 6 Ae a ae nent Oak-brush 25-02. =- eee ee 2, 420 141 BUS Qu ements he 
(EA SPen=fh 2-22. -- >=. eae 4,296 290 6.75 1, 876 
SDEUCE-fi= = 3220222 -.. eee 3, 359 136 4.04 937 
[EGG 5. oe 5 een ee eee ee Oak=brushi=- 24. 2. - 5. -Seeeeee 155 6 3uS5) | Eseeeeeecr 
NG) 00 1 eee Sea. 127 4 3.10 28 
SPUUCe-Hiy eee. 3 eee 57 2 3. 50 70 


1 The formula used in Tables 4 and 5 in deriving the average error of the mean is: the summation of all the 
variations from the mean, regardless of sign, divided by the number of cases times the square root of the 
number of cases. 

2 Average leaf length per plant. 

3 Average stem length per plant. 


Table 4 shows the average leaf length (which is taken to repre- 
sent leaf area) of typical specimens of mountain brome grass and 
wheat, and the average stem length of specimens of field peas grown 
in the respective type stations. From these data are computed the 
variations from the mean, the percentage of average error, and the 
difference between the measurements obtained at the type stations. 

The greatest experimental error occurs in the case of mountain 
brome grass. This is accounted for by the fact that only 5 specimens 
of brome grass were grown in each type station, while in the case of 
the peas and wheat 10 and 20 specimens, respectively, were grown at 
each station. In each instance, however, the experimental error due 
to individual variation within a type is much less than the difference 
between two groups of different types. 
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Another source of error is the use of indices of leaf area instead 
of actual leaf area. Thus when the total length of the leaves of a 
wheat plant is used for comparative purposes, it is assumed that the 
total leaf length is proportional to the total area of the plant. The 
leaves of grasses are approximately triangular in shape, and their 
actual area may therefore be determined by multiplying the length 
of the leaf by the width and taking half of the product thus ob- 
tained. In order to ascertain whether the leaf length was a reliable 
index of leaf area, the leaf area was obtained in the manner de- 
scribed above for a number of cases and the results decided by the 
corresponding leaf lengths. Table 5 gives the leaf length, calculated 
area, the ratio of these two, the average error in millimeters, and 
the per cent determined by means of the formula given in the foot- 
note to Table 4. 


TABLE 5.—Relation between leaf area and leaf length in wheat and mountain 
brome grass. 


; Total leaf | Total leaf | Leafarea. | Variation | Percent - 
Specimen. length. area. _ | Leaf length.| from mean. es 
Wheat Mm Sq. mm. 
BES stat emis Ehinid colraeng I ses ml aet or 32 1,386} 3,298.00 2.3795 9.0690 2.8 
Nae Aare = nna Apel ei pera el a 1,147] 2,806.25 2. 4465 0020 8 
Go CDNIRS firs isha Ae a i Ne Spe ea Be et ae 1,127} 2,526.25 2.2415 2070 8.4 
A Ngee EP SO LOE y Ret OR eee ae eR 1,590 | 3,970.75 2.4973 . 0488 1.96 
FS et a SN SSR Te 1,374} 3,679.25 2.6777 2292 9.41 
RO tale es eee een eee ae ee 6,624 | 16,280.50 12. 2425 5500. (o-oo sees 
Mean foe ik sole Sao at Bee ers ee a seca ee fal ot os eeiaisameions 2.4485 . 0500 2.45 
Brome grass: : 
FL ay ais real A ae Mi tcgesph eal Oi rs ee ot 1,771 4, 766. 50 2.6910 2570 8.71 
DREN Ea sie aa ie tae eae Roepe 1,279 | 3,334.00 2.6060 3420 11.2 
pt aR i eS devon 2c em ar 1,696 |- 5,397.50 3. 1820 2340 8.61 
UI ARSE TEED a MR a fe soe Og ots Seca 571 1, 837.25 3.2170 2690 9.13 
Dettecheet late jo mya nancies nS eacbe aeprt els 1,440} 4,389.00 3.0470 .0990 3.35 
EDO Palme rake ete oe hs nee ee 6,757 | 19,724.25 | 14.7430 1519303] Sassen eee 
IM Gari tae en en siee o eb. eh ieee aoe Fs es” 5 Gee aes Oe 2. 9480 . 1070 | 3.63 


The fact that the ratio of leaf area to leaf length is nearly con- 
stant shows that the length furnishes a reliable index. of area. The 
average error of the ratio for wheat, using 5 plants with about 25 
leaves in all, is 24 per cent; while in the brome grass, using 5 plants 
with about ihe same number of leaves as the es the error is 
about 34 per cent. 


MEASUREMENT OF PHYSICAL FACTORS. 


Each of the three type stations was equipped, in the main, with 
automatic instruments. Air temperature, precipitation, evaporation, 
relative humidity, sunshine, and barometric pressure were recorded — 
continuously at each station. In addition, a continuous record of the 


CLIMATE AND PLANT GROWTH. 17 


wind movement was obtained at the two upper stations. The read- 
ings of all instruments were recorded daily at 8.30 a. m. and 4.30 p- m. 

Because of the fact that certain important weather factors may be - 
measured by various instruments, it is possible to get a number of 
different sets of values for the climnatie factor, Japanthne on the kind 
of instrument used. Where it is desired to compare physiological 
activities of plants with weather factors for short intervals, such as 
a few days, a single day, or a fractional part thereof, ine kind of 
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Fic. 5.—Evaporation from white sphere and from free water surface compared with 
average daily relative air humidity. 


instrument used is often a matter of important consideration. The 
bearing which the choice of instruments has on the results obtained 
from the measurement of two of the climatic factors, evaporation 
and sunshine, is described in detail on pp. 18-24. 


AIR TEMPERATURE. 


The temperature was measured automatically by carefully adjusted 
thermographs calibrated with standardized maximum and minimum 
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mercury thermometers and exposed in shelters of the Weather 
Bureau pattern 44 feet from the ground. 


PRECIPITATION. 


The precipitation record was obtained by means of automatic 
tipping bucket rain gauges, the data from which were harmonized 
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— White sphere 
—-—free water surface 
-——Daily mean temperature 


Fic. 6.—Evaporation from white sphere and from free water surface compared with daily 
mean temperature. 


‘with standard rain gauges. In this way reliable data were obtained 
as to the amount and rapidity of the rainfall. 


EVAPORATION. 


The evaporation was recorded in two ways: (1) By means of the 
standardized porous cylindrical and spherical atmometers, and (2) 
by means of a free water surface. 

In the case of the porous spheres, both the black or radio cup and 
the white cup were used at each station. The spherical, as well as the 
white cylinder cups, were fitted with rain-correcting apparatus and 
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the mountings were self-contained as devised by Shive.t Distilled 
water was used, but in order further to insure accurate and compar- 
able readings, the spheres, after a month of exposure, were replaced 
by restandardized spheres. 

In measuring the evaporation from a free water surface a gal- 
vanized-iron evaporating pan, 10 by 36 inches, of the Weather Bureau 
pattern, was used. The evaporation from this free water surface 
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Fic. 7.—Evaporation from white sphere and from free water surface compared with 
average daily wind velocity. 


was recorded by means of a hook gauge, reading in hundredths of 
an inch. 

In order that the evaporation records obtained from the two types 
of instruments used might be compared directly, the porous spheres 
and the free water surface were placed at the same height, namely, 
24 feet above the ground. 


+Shive, John W., An improved nonabsorbing porous cup atmometer. VPlant World, 
vol. 18, No. 2: 7-10. 1915. 
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Probably the variations in the measurements made with different 
instruments are greater in the case of evaporation than in the 
case of any other factor. Because of the lack of information as to 
the accuracy of certain available instruments in the measurement 
of evaporation, two different sets—the free water surface pan of the 
Weather Bureau pattern and the porous cup atmometer—were used 
in obtaining evaporation indices for comparison with plant activi- 
ties, and it will be helpful in future field studies to compare the 
results. 

As it was desirable to correlate evaporation and physiological 
activities for short periods, the evaporation values obtained from 
the readings of the spherical atmometer were first compared with those 
obtained from the free water surface and the data from each were 
then compared with the factors which chiefly determine the evapo- 
ration rate, namely, air humidity, wind movement, and air tempera- 
ture. By this means it should be possible to show which of the two 
instruments is responding best to the conditions controlling evapora- 
tion. The records as obtained in the aspen-fir type for August were 
selected for this purpose. The data are presented in Table 6, and 
as a matter of convenience in comparing, they are summarized 
graphically in figures 5, 6, and 7. 


TABLE 6.—Daily evaporation from spherical atmometer and from free water 
surface, with corresponding relative humidity, temperature, and wind 
velocity. 


| Average Daily 
Date Spherical | Free water| — daily mean aaa 
gues atmometer.| surface. relative | tempera- Z, : 
humidity.| ture. | Velocity. 
cc. Inches. -| Per cent. baer Oe 

18.8 0.21 50 65.9 5.9 
15.0 .19 63 65.6 6.5 
2 -18 69 64.4 3.9 
13.6 2 iti 78 60.1 4.4 

6.8 -20 70 58.4 3h 7/ 
15.3 -28 56 64.4 4.2 
17.8 -16 56. 66.4 6.9 
29.9 SAl 53 67.6 4.4 
28.8 Silt 27 64.6 4.0 
27.5 «22 28 65.6 5.9 
36.7 -20 28 67.1 4.6 
15.3 . 24 81 60.8 5.6 

9.8 .24 67 62.7 3.1 
17.0 -18 54 64.6 4.9 
18.9 apy) 81 62.1 4.3 
11.6 . 24 72 55.0 4.0 
24.5 . 20 42 63.2 4.9 
33.2 21 40 60.0 4.4 
24.2 =h9 39 61.1 3.6 
19.2 - 20 46 58.8 320) 
25.5 miley 44 59.2 Ded 
27.4 ald 32 60.8 | 3.8 
28,2 -20 36 63.0 4.2 
27.9 .20 36 65. 4 3.7 
26.4 -19 37 66.7 3.7 
28.9 .16 42 64.8 3.8 
28.5 oan 30 64.6 3.9 
Del 15 79 63.1 4.5 
13,8 -12°} 69 60.1 | 2.9 
16.9 -12 59 59.0 | 2.8 
LET 15 45 64.3 | 4.1 
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The evaporation from the white spherical atmometer and the free 
water surface and the average daily relative humidity are shown in 
figure 5. In order to determine which of the evaporation curves is 
‘the most reliable for the periods under consideration, so far as rela- 
tive humidity is concerned, note was taken of the number of cases in 
which the evaporation curves slope in a direction opposite to the 
corresponding humidity curve. As the relative humidity decreases, 
evaporation, other things being equal, would increase; hence it would 
be expected that the graph of instrumental evaporation values would 
show an opposite slope direction to the graph of relative humidity. 
For the graph representing the free water surface evaporation the 
slope is opposite on 19 days out of the 30, or in 63 per cent of the 
cases. The graph of evaporation from the spherical atmometer, on 
the other hand, slopes opposite to the relative humidity graph in 73 
per cent of the total number of cases. In deriving these percentages, 
in the case of both evaporation graphs, it was deemed advisable to 
consider slopes as opposite in those cases in which they came very 
near being so, as well as when they were actually opposite. Since the 
evaporation curve for the spherical atmometer shows more cases of 
slope opposite to the relative humidity curve than does the evapora- 
tion curve for the free water surface, it may be considered that the 
atmometer is somewhat more reliable than the free water surface in 

determining evaporation for daily periods, in so far as evaporation 
is determined by relative humidity. 

A comparison of the evaporation values obtained from the two 
instruments with the daily mean temperature is presented in figure 6. 
In this instance it would, of course, be expected that the evapora- 
tion curves would show agreement in slope with the curve represent- 
ing the mean temperature. Examination of the graphs shows for 
the atmometer 67 per cent. agreement (20 periods out of 30) with 
the temperature curve; and for the free water surface only 47 per 
cent (14 periods out of 30). If only slight disagreements between 
evaporation and temperature are considered, the per cent of agree- 
ment in the case of the atmometer record is even greater than that 
from the free water surface. It is interesting to note that the evap- 
oration record obtained from the free water surface commonly lags 
about one day behind that of the temperature; that is to say, if the 
evaporation from the free water surface is compared with the tem- 
perature for the preceding period there is a much closer agreement 
than. when the comparison is made for the same day. In order to 
obtain an evaporation record which is comparable with the trans- 
piration of the plant for short periods, the instrument with which the 
evaporation is measured should respond quickly to temperature 
changes in a manner similar to the transpiration of the plant itself, 
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so that for this purpose the atmometer is superior to the free water 
surface. 

Figure 7 shows the relation of evaporation, as obtained by the two 
methods, to wind movements. Here, again, agreement between the 
two graphs consists in a slope in the same direction, since high wind 
velocity accelerates evaporation rate and low wind velocity retards 
it. This figure shows an agreement of 11 periods in the case of 
evaporation from the free water surface with the average daily wind. 
movement, or a percentage agreement of 37. The evaporation from 
the atmometer, on the other hand, shows for the same time an agree- 
ment of 18 periods, or a percentage agreement of 60. 

From the above comparisons it is evident that the evaporation rec- 
ord obtained by means of the spherical atmometer agrees more closely 
with the relative humidity, the temperature, and the wind velocity, 
and is a more reliable index when short periods are to be considered 
than that obtained from the free water surface. When periods ex- 
tending over several days or longer are considered, however, either 
instrument may be used with good results. 

Because of the advantage of the rain-correcting device used in con- 
nection with the porous cup atmometer, this instrument was espe- 
cially suited to the experiments here presented, and accordingly has 
been used throughout. Of the three types of porous cup atmometers 
available for field use, namely, the white sphere, the black sphere, 
and the white cylinder, all were operated in each type station through- 
out the season. The sum of the daily means of each set of cups and 
the difference in evaporation between the black and white sphere are 
presented in Table 7. 

TABLE 7.—Summary of evaporation from white cylindrical, white spherical, and 


black spherical atmometers, and of difference between white and black 
spherical atmometers during the period of experimentation. 


Dinererce 

White | Black | White ehweey 
Type. : black and 

sphere. sphere. cylinder. aaah 
spheres. 
cc. ce. cc. cc 

Oak-brushivs bo Aises8 ooo ese teece One Sec: = eer se 3, 956. 3 5,475.0 3,545. 4 1,518.7 
IAG OC MAT Ss een soe Saas acsosese eh seoeeSecosoupasossseons 2780.3 4,025. 4 2,490.8 1,245.1 
Spruceshte <2 oes eee cele tee seen eases fh eee 4,251.3 5,530. 2 3,711.7 1,278.9 


The figures given in Table 7 are platted in figure 8. It is interest- 
ing to find that the graphs representing the three evaporating instru- 
ments here used are all practically parallel. This parallelism also 
holds for shorter periods, as is shown in figure 9. It would appear, 
therefore, that one might select any one of these instruments to ascer- 
tain the evaporation. However, because of the desire to use evap- 


CLIMATE AND PLANT GROWTH. 


23 


Spruce ir 
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Oifference between white and 
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Fig. 8.—Summation of evaporation from white cylinder, white sphere, and black sphere 
and of differences between white and black spheres. 
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orating instruments which might also furnish data on sunshine 
intensity, the evaporation data from the white and black spherical 
atmometers have been used in connection with the plant studies. 


ee = 
2953.8 
ae 
2604.3 


Oak- Brush Type Aspen -Fir Spruce - Fir 
alae le = Le pte Sphere 
Wee ees .... Black Sphere 


Difference 


Fic. 9.—Summation of evaporation from black and white spheres and the difference 
between them.. Record made during growth studies. Started late. 


BAROMETRIC PRESSURE. 


The barometric pressure was measured by aneroid barometers. The 
instruments were standardized from time to time at the central sta- 
tion, where the elevation and pressure were known. 
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WIND VELOCITY. 


The wind velocity was measured automatically by anemometers 
of the Weather Bureau pattern located about 15 feet above the 
ground. 

SUNSHINE. 


The records of sunshine obtained were for both aueation and 
intensity. 

The duration of sunshine was recorded automatically by means 
of the Marvin recorder used by the Weather Bureau. 
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Fie. 10.—Difference between black and white spheres in evaporation as compared with 
hours of sunshine recorded by black bulb sunshine recorder. 


Data on sunshine intensity were obtained by noting the difference 
in the evaporation between the radio-atmometer and the ordinary 
white porous cup atmometers.1 The radio-atmometer used was a 
black sphere of the same size as the more common white form. 
Owing to its color it absorbs considerable of the radiant energy fall- 
ing upon it, functioning in this regard much the same as foliage of 
ordinary plants. The white porous cup, on the other hand, absorbs 
comparatively little radiant energy and is therefore not appreciably 
affected by increased light intensity. Hence, while by night the 


1 Livingston, B. EH. A radio-atmometer for comparing light intensity. Plant World, 
14, No. 4: 96-99. 1911. 
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evaporation from the radio-atmometer and from the white porous 
atmometer of the same size and form is practically identical, by day 
the black cup, on account of its higher temperature, shows a greater 
rate of evaporation. Therefore the difference in the evaporation 
from the radio or black atmometer and the white atmometer affords 
a rough estimate of varying intensities of sunlight for the different 
periods and type stations. The actual variation intensity, of course. 
bears an important relation to transpiration and photosynthesis. 

Only the duration of sunshine is measured by the Marvin sunshine 
instrument of the Weather Bureau pattern. Unless the investigator 
is working in the vicinity of an experiment station or similar base, 
the Marvin sunshine recorder can not, of course, be operated. The 
black and white porous cup atmometers, on the other hand, may be 
set up wherever desired. Accordingly, it is worth while to compare 
the sunshine records obtained from these two instruments. The data 
are given in Table 8 and are shown graphically in figure 10. 


TABLE 8.—Comparison of sunshine records obtained from a sunshine recorder 
of the Weather Bureau pattern, and the difference in evaporation between 
atmometers with black and white spheres. Readings taken in August, 1916. 


| Differ- 


Differ- : 
Fe ence Ae Geta ee 
between origin Possible | Dat between hi Possib 
Date: black unshine | Possible | ate. black | SUnShine| Possible 
Evid (Marvin | sunshine. | sail (Marvin | sunshine. 
ae sunshine sane sunshine 
spheres. recorder). sph eres. | recorder). 
1916 cc. Hours Hours. 1916. - ce. | Hours Hours. 

ANG Poi A aerate 19.6 11 Ve | eri FSi by fee es 16.4 | 9.9 12.0 
apts Oe os ee 19.6 12.9 12.9 Dh ae eee eee aos 18.1 | 11.4 11.9 

Ce hee ee 17.6 12.8 12.9 TQ! a Gece 17.1 | 10.6 11.9 
Ae ree 18.1 12.9 12.9 20 s2nseereeées 14.0 3.6 11.9 
LiePoet iat aes 17.1 9.4 -12.9 2, AS ieee : 14.8 4.9 11.9 
Geo meee cee 14.9 7.4 12.3 22 Jape e neisieze 15.9 10.5 11.9 
URSSsosaenase 18} 7 5.6 12.3 Oa ee ea 13.0 Tet 11.8 
Riera ote 14.5 (33 12.3 Mee ocosstsseh 13.3 5.2 11.8 
Oe cea s 14.6 9.8 12.2 DATs Sig pei et 3.0 94,33 11.8 
OBE Se seaneee 18.7 12.1 12.2 26 roar e 8.8 4.4 G7 
1 ee ee eset 18.6 12.0 12.2 Masssacooseee 3.6 0.2 11.7 
12 eee 16. 2 9.8 L2n2 25 oe Scone 12.2 6.8 11.6 
foe eee 1B} 7/ 6.3 12.1 29 min Aa ee 13.9 9.7 11.6 
14) 2S eee 6.1 3.6 12.1 30). sae eee 12.8 7.8 11.6 
lb yeerescosets 10.9 4.8 12.1 6 eee Sa ores 6.6 ee 11.6 

LG sete ese soe 10.7 et 12.1 


In following the slope of the curves as shown in figure 10, an agree- 
ment of 67 per cent (20 periods out of 30) is found, and the disa- 
greements in practically all cases are relatively slight. The most 
conspicuous differences in ordinate values occur for days when the 
sky is partly cloudy and the sunshine more or less intermittent. In 
such instances there is almost invariably a much greater fluctuation 
in the values of the atmometric sunlight index than in the values of 
sunshine duration as recorded by the Marvin recorder. This may be 
accounted for by the fact that the evaporation from the black surface 
atmometer responds more quickly to fluctuation in sunshine than 
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does the mercury column of the sunshine recorder of the Weather 
Bureau type. 

The data seem to warrant the statement that the use of atmometers 
in obtaining sunshine duration affords quite as reliable a record as 
does the more costly Marvin sunshine recorder. Of course, the 
impossibility of operating atmometers when the temperature drops 
below freezing makes them of value only during the growing sea- 
son. Where it is desired merely to obtain a summary of the sunshine 
record, it is necessary to read the instruments only about twice per 
month, whereas the Marvin recorder must be read daily. 
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Fic. 11.—Monthly mean temperatures October, 1915—Octoher, 1916. 


COMPARISON OF THE CLIMATIC CHARACTERISTICS OF THE 
THREE PLANT TYPES. 


TEMPERATURE. 


For purposes of comparison there is probably no better way of 
showing differences in temperature in the type stations than to give 
the monthly mean temperature for each station. This is shown 
graphically in figure 11. Throughout the year the mean monthly 
temperature is appreciably lowest in the spruce-fir and highest 
in the sagebrush-rabbit-brush type. In general, the slopes of the 
mean-temperature curves of all the climatic types are similar, and 
this is especially true for the main growing season, from June to 
September, inclusive. 

In the‘monthly range in temperature for the respective types there 
are even greater contrasts than in the daily means. The range in the 
monthly temperatures is shown in figure 12. These temperatures 
differ most notably from those given in figure 11, representing the 
monthly means, in (1) the similarity in vertical form and proximity 
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Fic. 12.—Range of temperatures in the four types January—December, 1916, 
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of the curves in the case of the oak-brush and the aspen-fir types, and 
(2) the decreased range or flattening of the curve in the spruce-fir . 
type. 

Tt is not possible by a review of the monthly mean temperatures 
to form a mental picture of the relative growing and nongrowing 
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Fig. 18.—Summation of temperatures above and below 40° F., 1916. 


temperatures; that is, the temperatures above or below 40° I. These 
are summarized in Table 9 and graphically represented in figure 13. 


TABLE 9.—Summary of temperatures above and below 40° F. 


Month. Temperature segregations. Oak-brush| Aspen-fir | Spruce-fir 
3 type. type. type. 
ner Seis oo: 
11, 400 9, 347 5, 090 
35 767 1,399 
16, 919 13, 773 8, 843 
5 73 
14, 929 10,357 7, 874 
74 103 
10, 222 6, 838 3, 505 
64 1,034 1, 786 
Total BDO Orta ses as .. =e - se peeeeeee 53, 470 40,315 25,5 
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below apes eey- taka... .. Saaeeeeee 1, 005 1,917 3, 361 
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The smallest number of heat units above 40° F. and the largest 
number below 40° F., as shown in figure 4, occur in June and Sep- 
tember, near the beginning and ending of growth in the two lower 
types represented. One of the most significant facts brought out 
in Table 9 is the absence of temperatures below 40° F. for August, 
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Wig... 14.—Precipitation record, 1915-1916. 


in thé oak-brush type. All types considered, July and August are 
the most favorable months for growth, in so far as it is determined 
by temperature. 


1 Growth begins in the oak-brush type approximately June 1. In the aspen-fir type 
the leaves begin to unfold about two weeks later. In the spruce-fir type growth begins 
between 3 and 4 weeks later than in the oak-brush type. 
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On the basis of the beginning of growth and the occurrence of 
killing frosts the growing periods in days for the respective types are 
approximately as follows: 


Oakes es tny0 C= an sere ees Se seer Saas 120 
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PRECIPITATION. 


The monthly precipitation from October, 1915, to September, 1916, 
_ is summarized in figure 14. 

In view of the higher temperature, the longer growing season, and 
the higher evaporation in the oak-brush type, it is significant that 
the annual precipitation is less in that type than in any of the more 

_ elevated types in which plant studies were conducted. The annual 
. averages of precipitation of the types, including the untimbered 
type below the oak-brush, as recorded from 1914 to 1916, inclusive, 


are: 
Inches 
SARA OCIS MATA OV OE OTIS Nh A Oe ee WL, 15) 
@nkeprusheuiy pees sate Ste ee ee: ate ONE BE Dy 
ASHO@ ME eS Soh BS a ee Sere a See dhe Eee ree 27.18 
SW GU Ce tira eee Sete se ements lo Se 25. 40 


During the growing period in 1916 the aspen-fir type, as in the 
case of the three-year average, received the heaviest precipitation, 
nearly the same amount, however, being recorded in the type imme- 


diately above. 


EVAPORATION. 


Monthly evaporation and precipitation are represented in the same 


figure (fig. 15). 


Owing to the occurrence of freezing temperatures 


in June, particularly in the two higher types, unbroken evaporation 
records were obtained only from July to September, inclusive. 

Figure 15, based upon the records of the porous cup atmometer 
(see fig. 16), shows that the highest evaporation occurs each month 
in the oak-brush type. In the spruce-fir type the evaporation is 
nearly as great as in the lowest association, while in the aspen-fir 
type it is much less than in either of the others. Table 7 and figure 8 
also indicate that the evaporation in the oak-brush and spruce-fir 

_ types is much greater than in the aspen-fir type. 

In the case of growth studies begun in the stations at a later period, 
the summation of evaporation is quite as contrasted, as is shown in 
figure 9. While the records in this series of experiments cover a 
shorter period than those in the original study, being 52, 70, and 65 
days in the oak-brush, aspen-fir, and spruce-fir types, respectively, 
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evaporation was notably greater in the lowest type, least in the cen- 
tral, and intermediate in the highest. 

The high evaporation in the oak-brush type is due chiefly to high 
temperatures and low relative humidity. In the spruce-fir type the 
high evaporation is accounted for chiefly by the high wind velocity, 
as will be shown later. Owing to the aspen-fir type being inter- 
mediate in elevation between the other two, and having a notably 
heavier stand of vegetation, especially tree growth, the factors in- 
fluencing evaporation are in no instance extreme. 
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Fig. 15.—Monthly evaporation from spherical atmometers and corresponding precipitation 
in type stations, 1916. = 


WIND: VELOCITY. ~ 


Largely because of the physiographical features, the velocity of 
the wind is notably greater in the spruce-fir type than in the lower 
associations. The comparative intensity of this factor may be ap- 
preciated readily by summing the daily wind movement by monthly 
periods. Since the wind velocity during the growing season is prob- 
ably an influential factor in the development of the vegetation, 
data are presented in Table 10 showing the wind movement during 
the growing seasons of 1915 and 1916. 
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TABLE 10.—Monthly wind movement in the spruce-fir and in the aspen-fir type 


station. 

Month. Year. | Aspen-fir. | Spruce-fir. 

Miles. Miles. 
‘ 1f1915... 3, 081 6, 501 
YUL Ehce son adic 2 Se8ocu coe genase h.Gg926 x aap GRe aan Sas 2 2c scRe sp yea Bt 3, p20 uf, 119 
1915... 3, 055 6, 807 
(OLY 2 nos noah telatene seve die 32 a olga ee aee GEE eaame a= = 2792-2 hcclate {tot a 3.697 5, 505 
1915... 3, 339 4, 836 
AUIgUSt ooo. 22 2 eee ee eee ee {1918 Ae a) ie 5, 116 
1915... 008 7, 632 
SIGH UC IED DOLE meter ote oie ate nla lao atujena' sin eia cia ola\eiain\aveva‘a leis oiala elsialgtelelanitvale aie iet= \rore® Bs 3, 080 6) 873 
: 1915... 12, 483 25, 776 
Total. ..-..-------2+0+- 22022 esses esses ects esse seer eters ests eee lisie: hi 12, 995 24, 613 


Fig. 16.—View of atmometers and evaporating pan used in measuring the evaporating 
power of the air. 


The above figures show that the wind movement during the 
growing seasons of 1915 and 1916 was greater by approximately 100 
per cent in the heart of the spruce-fir type than in the aspen-fir asso- 
ciation 1,300 feet lower. In summarizing the wind movement by 
10-day periods the velocity is found to exceed by 200 per cent that in 
the aspen-fir type for certain periods. Obviously, the gales over the 
elevated, sparsely vegetated plateaus have a profound effect on the 
evaporation and to some extent at least on the transpiration rate of 
the vegetation. 


56866°—18—Bull. 700 ——3 
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SUNSHINE. 


In recording the sunshine it was deemed advisable to note both the 
possible and the actual duration, since both are important to the 
development of vegetation. These factors are graphically shown 
in figure 17 for the aspen-fir type during the seasons of growth in 
1915 and 1916. 

In 1915 the greatest actual sunshine occurred in July, while in 
1916 it was recorded in June. Owing partly to the advancement in 
the season but chiefly to the topographic features adjacent to the 
meteorological stations, there is a gradual decline in the potential 
sunshine duration throughout the growing season. The potential 
and actual sunshine durations, on the basis of three seasons’ records, 


ASPEN-FIR TYPE 


HOURS SUNSHINE 


JUNE JULY AUG. SEPT. JUNE JULY AUG. SEPT. 
ACTUAL [= POTENTIAL — 


Fig. 17.—Actual and potential sunshine during growing season in the aspen-fir type, 1915. 


are found to be practically identical in the three associations studied ; 
consequently, no attempt is made to correlate sunshine duration with 
the plant activities. 


BAROMETRIC PRESSURE. 


So far no direct fundamental relations have been established 
between barometric pressure and the development of the plant.* 

The relation of high and low pressure to local rainstorms and high 
winds was observed in the aspen-fir association throughout the grow- 
ing season of 1916, and the results are shown in figure 18. 

Practically always when the pressure dropped appreciably below 
normal a change followed in the weather. While the amount of 
precipitation and the movement of the wind are not necessarily pro- 


1Zon, Raphael, Meteorological observations in connection with botanical geography, 
agriculture, and forestry. Monthly Weather Review, April, 42: 217-23. 1914. 


35 


CLIMATE AND PLANT GROWTH. 


INCHES OF PRESSURE 


Z| ccnege ENT - 


S| 


= 
= 
= 


pS’ 

S 
TN EAS 
INS 
a 

AS 


= 
HIG 

HIGH WING 
Hi 

HIG: 


= 
Cs es me rea ear 


Fic. 18.—Barometric pressure and its relation to storms, 191 
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portional to the pressure below normal, figure 18 indicates that 
local observations of pressure are of some value in forecasting 
changes in the weather conditions where the daily weather map is 
not available. As stated, however, the relation of pressure to vege- 
tative activities can best be expressed by the summation of certain 
other factors correlated with pressure and known to exert a direct 
influence on the development of the plant. 


SUMMARY OF CLIMATIC COMPARISONS. 


The climatic characteristics of the plant-type zone may be summed 
up as follows: The mean annual temperature is highest in the least 
elevated type zone and decreases gradually with the increase in 
altitude until, in the spruce-fir association, the season of growth 
covers a period of only 70 days. In the oak-brush type zone the 
growing season is approximately 120 days. Precipitation, on the 
other hand, is normally only about half as heavy in the oak-brush 
type as in the type zones above. In general, however, the precipi- 
tation is somewhat heavier in the aspen-fir than in the spruce-fir 
type zone. The precipitation is rather uniformly distributed 
throughout the year. The evaporation is highest in the oak-brush 
type, where the greatest heat units and least rainfall are recorded. 
The evaporation factor is nearly as intensive in the spruce-fir type, 
however, while in the aspen-fir association it is only about half as 
great. The strong evaporation in the spruce-fir type is accounted 
for by the high wind velocity, which often exceeds 40 miles per hour 
for several hours in succession. ‘The seasonal wind movement in the 
spruce-fir type is approximately 100 per cent greater than in the 
associations below. The possible and actual sunshine are found to 
be practically identical in the respective types. The barometric pres- 
sure, of course, varies with the elevation, but the seasonal fluctua- 
tions in a given locality are slight and insignificant so far as con- 
cerns any direct effect on the vegetation. 


TEMPERATURE SUMMATIONS. 


Owing to the mass of climatic data compiled, it was necessary to 
simplify them by summarizing’ on different bases. 

The temperature factor in the respective stations for the periods 
during which the plants were under observation was summarized in 
three ways: (1) By physiological temperature coefficients as de- 
veloped by Lehenbauer? and later applied by Livingston;? (2) the 


17The literature relative to methods of comparative summations of climate has been 
reviewed by Abbe, Cleveland, First report on the relation between climate and crops. 
U. S. Weather Bureau Bull. 36, 1905. 

2Lehenbauer, P. A. Growth of maize seedlings in relation to temperature. Physiol. 
Res. 1: 247-288. 1914. 

3 Livingston, Burton E. Physiological temperature indices for the study of plant 
growth in relation to climatic conditions. Physiol, Res, 1; 399-420, 1916, 
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sum of the positive or effective temperatures, that is, the sum of the 
means above 40° F., as originally proposed by Merriam;! and (3) the 
sum of the daily mean temperatures. For comparison with plant 
growth in this study, the sum of the temperature efficiencies for the 
growth periods has been used instead of the average temperature 
efficiency. This was done for the reason that the plant measurements 
represent total growth for the respective periods. 
_ Physiological temperature coefficients are based upon data obtained 
by Lehenbauer in the study of the elongation of the shoots of maize 
sprouts when exposed to practically constant temperature for 12-hour 
periods. These 12-hour exposures were made degree by degree at 
temperatures ranging from the minimum at which growth takes 
place, through the optimum, and on to the maximum temperature at 
which growth is possible. Varying increments of elongation 
naturally took place according to the temperature to which the 
sprouts were exposed; and these growth rates were platted against 
the temperature used, giving a curve showing the relation between 
temperature and the rate of growth of the plant. The lengths of the 
ordinates of this growth curve furnish a series of numbers which rep- 
resent the efficiency of the various temperatures in promoting the 
growth of maize. The application of the physiological temperature 
coefficient to any plant other than the one used by Lehenbauer is 
based on the assumption that the general relation of growth and 
temperature is the same as for the maize. Whether or not the physio- 
logical temperature indices obtained under controlled conditions will 
apply to field plants where the temperatures fluctuate widely can not 
be stated. It may be presumed for the present, however, that they 
will more closely account for physiological responses of field plants 
- than will direct temperature summations. 

Since these indices are based on physical and chemical processes 
taking place within the plant, temperatures at which no appreciable 
activities take place are at once eliminated; at the same time the 
efficiency of the temperature up and down the thermometer scale 
receives the proper weight. 

In applying this method of temperature summation the daily 
mean temperatures were first obtained from the hourly corrected 
thermometer readings for the period during which the plants in the 
type stations were grown. The corresponding physiological indices 
were then substituted for the daily means and these indices summed 
for the period in question. 

By positive or effective temperatures is meant the number of de- 
grees of temperature above the minimum at which growth can take 


1 Merriam, C. Hart. Life zones and crop zones in the United States. U. S. Department 
of Agriculture Bull. 10: 55-73. 1898. 
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place. On the basis of many plants studied this minimum may be 
placed at approximately 40° F. Hence in the periodic and seasonal 
temperature summations, the daily mean temperature less 40, the un- 
effective growing temperature, were added. These summations of 
effective temperatures were made, in the case of each of the type sta- 
tions, for the period é toto during which the plants were grown, as 
well as for shorter periods. This method involves a slight error, since 
in a few instances during the growing season the mean dropped be- 
low 40°; but the error thus introduced is so small as to be quite 
negligible. 

The sum of the daily mean temperatures was obtained from the 
hourly corrected thermograph readings and added according to defi- 
nite periods. These summations are presented chiefly for purposes 
of comparison with the other two methods of summation described. 

The temperature summations by the three methods are given in 
Table 11, in Section A, of the table for the plants that were started 
June 13 and grown until killing frosts arrested their activities, and 
in Section B, for those started several weeks later and grown until 
inclement weather set in. 


TABLE 11.—Temperature summations, in degrees Fahrenheit, for period of 


> growth of potometered plants in type stations. 
SECTION A. 
Sum of 
Sum of ; 
-s she hysio- 
Duration Sum of positive Day: 
Type. of period. \daily mean.| tempera- |!08i¢al tem- 
ae perature 
: efficiency. 
Days. Zias Sli Index. 
Oa Ke Drs hysey soe cytes encpee rc is ie eens elie el | 81 5,034 1,789 2,473.7 - 
PA'S POTENT es a ko ee eee et eC hs Meet 95 5, 445 1, 404 1, 560. 6 
SDEUCe fT se ce aaa ie Mare elas, elas ty eee | 91 4,631 991 730. 5 
SECTION B 
Oak-Drushe estate reese eek cella: RSE Ey Ds Sak eae tee 52 4,330 1, 528 1, 938. 2 
ING aVava Hakes se Ol aoe ete ny Bn acy De BOR Ge Nim aR 70 3,932 1,132 1,025.8 
BS PEUCR ADT Spee epee eat ela pea eae ne RG, a 65 3, 285 685 486.1 


1 Section A of the table has reference to fig. 19, and Section B to fig. 20. 


It should be pointed out that the temperature summations in the 
case of the oak-brush type are for a period of 81 days, which marks 
approximately the time required for the maturity of the plants. The 
summations in the aspen-fir and spruce-fir associations are for 95 
and 91 days, respectively. Owing to the relatively low temperatures 
the plants in the two latter types did not reach maturity, killing ~ 
frosts having occurred early in September. From the temperature 
summations in figure 19, therefore, it should be understood that the 
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Fie. 19.—Temperature efficiency summations for period of growth of plants used in main 
experiment, 
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data given for each station represent slightly different numbers of 
days. In figure 19, as well as in certain other graphs, the curves are 
comparable in each case as to direction of slope; but it should be 
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Fig. 20.—Temperature efficiency summations for period of growth of special experiments. 


understood that the lengths of the ordinates are not in all cases di- 
rectly comparable; the vertical scales employed are merely convenient 
ones and are quite arbitrary. 
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Tt is a noteworthy fact that the summed physiological temperature 
coefficients and the sum of the positive temperatures; that is, those 
above 40° F., bear practically the same relation to each other in the 
respective type stations. This has also been observed to hold true, 
in general, for shorter periods (fig. 20). Neither of these summa- 
tions, however, agrees with the sum of the daily temperatures. As 
will be shown elsewhere, both the physiological temperature coefli- 
cients and the sum of the positive temperatures show some relation to 
growth and other plant activities. This does not appear to hold true 
of the summation of the daily mean temperature. Because of the 
corresponding slopes of the graph in figure 19 between the physio- 
logical temperature summation and the sum of the positive tempera- 
tures, either may be used for comparison with the plant-growth data 
in the case of the batteries observed for the period in question. 


CORRELATION BETWEEN GROWTH AND ENVIRONMENTAL 
: FACTORS. 


RELATIVE DEVELOPMENT OF THE PLANTS IN THE TYPE STATIONS, AND THE 
CORRESPONDING WATER REQUIREMENTS. 


A summation of the data obtained for the development and water 
requirements in the different type stations of wheat, peas, and brome 
grass (based on dry weight of tops) is given in Table 12. These 
figures represent the activities of the plants for 81 days in the oak- 
brush type, 95 days in the aspen-fir type, and 91 days in the spruce- 
fir type. The temperature indices and evaporation summaries for 
the respective periods are given in figures 19 and 8. 


TABLE 12.—Summation of growth and water requirements of plants developed 
in the type stations. 


Average 
stem height aes 
of peasand | Number | ment 
Type. Plant. ponienel of leaves. Dos unit 
7 

ean matter. 

Mim. Grams. 
Oak pEUs er semis 8 Ve EN Wiheather cn. st..2 cae ee 3, 990 28 626 
IEEE i Gee Mee woos oosenates 4,781 206 779 
IBLOMOsELASSe =. see ease eases 15, 980 125 803 
Aparato Sit ie ro ier Wheat ees ei2)! 5s eemaS s 8, 560 53 288 
Gas ee i. oi. 02. a eae 11, 863 398 368 
IBROMEVSTASS)). = eee eee ene 22, 290 144 516 
DEUCE-fil ees ts acho: ce sl hee AWilhe ea Geis 2 rie Lh se 5, 280 26 300 
OAS H ese. 52 2 ee sss 5, 584 166 345 
Brome grass....-.-------------- 8,114 81 756 


The values given in Table 12 are platted in figures 21, 22, and 23. 
The most striking features brought out in the graphs are (1) the 
greater vegetative development, including number of leaves, leat 
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length, and stem height, in the aspen-fir association, and (2) the rela- 
tively high water requirement for the production of a unit of dry 
matter in the oak-brush type. 

In the case of peas, the number of leaves produced in the aspen-fir 
type, as compared with the oak-brush and spruce-fir types, respec- 
tively, is approximately in the ratio of 4,2, and 1.7. The leaf length 
of wheat shows a ratio of about 2, 1, and 1.3 in favor of the aspen-fir 
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Fic. 21.—Water requirements and vegetative growth of wheat in the three climatic types. 


association. In the case of the brome grass practically the same 
relations exist. 

Tn each instance the water requirement per unit of dry matter is 
the highest in the oak-brush type. The fact that the plants were 
grown for a longer period in the highest and middle stations would 
naturally imply that they used more total water, but not necessarily 
that they had a higher water requirement per unit of dry weight. A 
comparison shows that in the case of wheat and peas the water 
requirements are very nearly the same in the central and in the 
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highest types, while brome grass shows a greater demand for water 
in the spruce-fir type than in the aspen-fir type. All three species ex- 
hibit a markedly interesting relation of development to water re- 
quirement, namely, that the lowest water requirement for the 
production of a unit of dry matter is invariably associated with the 
most luxuriant growth. Further, figure 8 shows that the evapora- 
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Fic. 22—Water requirements and vegetative growth of Canada field peas in the three 
climatic types. 


tion curve, corresponding to the period of growth of the plants, 
slants in the opposite direction from those-of the development of 
the plants as platted in figures 21, 22, and 23. In the oak-brush type, 
where the water requirement is highest, evaporation is most intensive. 

The data on the relative development of the plants in the type 
stations and the corresponding water requirements are especially 
important, since they represent vegetative activities throughout the 
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season. Hence these data appear to throw some hght on the causes 
of failure or success of experimental trials with plants in the types 
represented. 
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Fria. 23.—Water requirements and vegetative growth of brome grass in the three climatic 
types. 


THE EFFECT ON PLANT GROWTH OF DIFFERENCES IN THE AMOUNT OF HEAT 
AVAILABLE IN THE THREE TYPES. 


EFFECT OF TEMPERATURE AS INDICATED BY DIFFERENCES IN WATER REQUIREMENTS 
BASED UPON STAGE OF DEVELOPMENT AND CONDITION OF CERTAIN AERIAL PARTS. 


The total effective heat units and length of growing season in the 
types studied are such that only in the lowest type do the plants reach 
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full maturity. In the case of Experimental Series No. 1, in which 
the standard plants were started simultaneously in all types as soon 
as the temperature favored growth in the highest type, wheat heads 
filled well in the aspen-fir type but killing frosts occurred before the 
caryopsis hardened thoroughly; in the type above, growth was ar- 
rested when the heads were still in a developmental stage. Records 
of these plant specimens, supplemented by those of the late planted 
batteries (Experimental Series No. 2) afforded data as to the relative 
water requirements of plants in different stages of development. 
Because of the difference in age of the plants in the early planted 
and later planted batteries, the two sets of specimens were really sub- 
jected to different environmental conditions, for it is well known 
that the same weather factors do not affect plants in different stages 
of development in the same way. For this reason the water require- 
ments of the two sets of plants may not be entirely comparable. 

For the purpose cf comparisons between the water requirements 
of the entire tops of wheat and brome-grass specimens, heads in- 
cluded, and tops without the heads, the dry matter of the specimens 
with and without heads was recorded and the water requirements of 
each determined. The results are summarized in Table 13. 
TABLE 13.—Kelation of water requirements of wheat and brome grass to effective 

temperatures in climatic types. 
WHEAT (EXPERIMENTAL SERIES No. 1). 


Water requirement Per cent of 
per unit dry weight. | difference 
|— = i pelmeen Tempera- 
require- ture sum- 
Types. ; aaniS mation 
Without | Including |- without | 3pove 
| heads. heads. | heads and ; 
with 
heads. 
Grams. Grams. Degrees. 
857 626 37 1,789 
Aspen-fir 358 288 24 1, 404 
Spruce-fir | 355 300 18 991 
WHEAT (EXPERIMENTAL SERIES NO. 2). 
600 504 19 1,528 
407 354 15 1,132 
391 391 00 685 
BROME GRASS (EXPERIMENTAL SERIES No. 1). 
Oak-brush 1,303 803 62 1,789 
Aspen-fir...........-- 736 516 43 1, 404 
Spruce-fir 853 756 14 991 


_ The above values, platted in figures 24, 25, and 26, exhibit a 
gradual falling off from the lowest to the highest station in the ratio 


1 Owing to the early maturing qualities of mountain brome grass, this species more 
nearly reached maturity in all types than did the cultivated plants, 
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Fic. 24.—Water requirement of wheat based on weight of plant including heads, compared 
with water requirement based on weight without heads. (Experimental Series No. 1.) 


\ Water used per plant 
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Oak-Brush Type Aspen fir Spruce — fir 
ee ee Wheat Including Hea S Water Used 


1 apis ea —_Wheat Without Heads Fer Plant 


ae a — Water Feguirement without heads expressed in 
percent of water reguirement wilh heads 


Temperature above 40°F, 


Fic. 25.—Water requirement of wheat based on weight of plant including heads, compared 
with water requirement based on weight without heads, (Experimental Series No. 2.) 
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Fic, 26.—Water requirement of brome grass based on dry matter of plant including heads 


Pe ny ee fp OTE oh Sa ae a) a ee ne a ET ee WE Re Ly - 


CLIMATE AND PLANT GROWTH. 49 


of the water requirements of wheat and brome grass without heads 
to those with heads. The difference is rather pronounced. In the 
case of wheat in the oak-brush type (fig. 24) it is 37 per cent, in the 
aspen-fir association 24 per cent, and in the spruce-fir type 18 per 
cent. In the case of less mature wheat specimens (fig. 25) the dif- 
ferences between water requirement of the plants without heads and 
those plants with heads is 19 per cent, 15 per cent, and zero; for brome 
grass (fig. 26) it is 62 per cent, 43 per cent, and 14 per cent. 

The differences in the water requirement figures serve to show one 
of the responses of the plants to the different amounts of heat. avail- 
able in the three associations. In the oak-brush type, where the num- 
ber of heat units is greatest, the plants are matured or nearly so, and 
a large proportion of the total dry matter of the plants is deposited 
in the seed heads. At the middle and upper stations, where the 
summed seasonal temperature efficiency is lower, the plants are less 
mature, and a correspondingly lower proportion of the total dry 
‘matter of the plants is deposited in the heads. This difference in the 
stage of maturity would seem, then, to account for the difference in 
the water requirements of the plant with heads and without heads, 
and the difference itself affords an approximate measure of the rela- 
_tive development and maturity of the plants in the different types. 

It is noteworthy that in the figures representing the ratio of the 
water requirements of the plants based on (1) the tops, including 
heads and (2) the tops without heads (figs. 24, 25, and 26) the curves 
in each case fall, from the lowest to the highest type, in a manner 
roughly proportional to the fall in the temperature summations. 
This agreement in slope shows that the plants mature more slowly 
as the number of effective temperature units decreases. 


EFFECT OF TEMPERATURE AS INDICATED BY PERIOD REQUIRED FOR PRODUCTION OF 
FLOWERS. 


Additional data showing the relation of the development of the 
plant to temperature were obtained by noting the number of days 
required for the first appearance of flowers in the species grown in 
the type stations. In each instance temperature summations and aver- 
age mean temperatures were recorded for each period, the results of 
which are summarized in Table 14. 
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TABLE 14.—Periods required for the production of flowers in tie vegetative types 
and temperature summations and average mean temperatures for the respec- 
tive periods. 


Peas. Wheat. Brome grass. 
Days Temperature. Temperature. Temperature. 
Type station. ful Days Days 
BINS ee Pe pe 
nace of Above Average ance of | Above Average ance of | Above Average 
blos- o° F. | ily | heads. | 40° F. | [ily | heads. | 40°F. | daily 
som. * | mean. q ~ | mean. s - | mean. 
2 j2, 2 Jat, 2 I8', °F. © Ia, ely 
Oak-brush....---..- 43 1,007 64 40 915 9.2 39 785 60 
Aspen-fir......-.... 64 988 56 52 785 55. 2 52. 685 58 
Spruce-fir.......-.-- 88 980 51 71 847 52.0 63 660 52 


Figures 27, 28, and 29 platted from Table 14 show a rather pro- 
nounced parallelism in the different figures in the trend of the curves 
from the lowest to the highest station representing the number of 
days required for the flowering of the species, on the one hand, and 
in the curves representing the number of heat units up to time of the 
production of flowers, on the other. Provided no other factor 
was operative in holding back growth in the case of the plants in 
question it would appear that temperature was the controlling factor 
in this instance. In the case of peas, flowers appeared 21 days earlier 
in the oak-brush type than in the aspen-fir type and 45 days earlier 
than in the spruce-fir type, the period between planting and fiower- 
ing in the spruce-fir type being more than twice as long as the corre- 
sponding period in the oak-brush type. Wheat spikes appeared in 
the lowest type in 40 days; while in the central and highest types 
they began to show 12 and 31-days later, respectively. In the case 
of mountain brome grass, panicles showed in 39 days in the lowest 
type; but in the central station they did not begin to show until 13 
days later and in the spruce-fir type 24 days later. One of the most 
interesting facts brought out in these observations is that in spite of 
the fewer days required for flowering in the oak-brush type a great 
many more flowers were produced than in the other types. In the 
case of wheat, for example, 40 per cent more heads appeared in the 
oak-brush than in the aspen-fir type, and over 100 per cent more than 
in the highest type. 

The fact that there is very little slope in the effective temperature 
summation curves and in the average daily mean temperature curves 
in figures 27, 28, and 29 shows that practically the same number of 
heat units were required in each type for the production of flowers. 
On the physiological basis of temperature summation for the entire 
season, as has previously been pointed out, there were notably more 
heat units in the lowest type. The lowest temperature efficiency was 
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recorded in the spruce-fir type, while in the central type the physio- 
logical temperature efficiency was intermediate. Since a habitat with 
low-growing temperatures requires a greater number of days for the 
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Trig. 27.—Relation of temperature to time of first appearance of blossoms in peas, 


plant to reach a given stage of maturity than a warmer situation, it 
is evident that the physiological temperature indices would be in in- 
verse ratio to the time required to bring the plant to a given stage of 
maturity. 
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The difference in the time for the plants to reach approximately 
the same stage of maturity in the type stations may account, in part 
at least, for the difference in the character and composition of the 
vegetation in the respective types as well as for failures to establish 
exotic and indigenous species adapted to types of higher effective tem- 
peratures. In the spruce-fir type only those species which can com- 
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Fie. 28.—Relation of temperature to time of first appearance of heads of wheat. 


plete their development to maturity in minimum time, provided, of 
course, that their perpetuation is dependent wholly or primarily on 
seed, are conspicuously in evidence and of economic importance. 
This tendency toward early maturity is evident, for example, in the 
case of mountain brome grass, less days beirg required in all type | 
stations for its flower production than for that of peas and wheat. 


CLIMATE AND PLANT GROWTH. Ne 


EFFECT OF TEMPERATURE AS INDICATED BY WATER REQUIREMENT PER UNIT OF 
LEAF AREA. 


The water requirements per unit of area of the chief food manufac- 
turing agents of plants—the leaves—may be used as an index of the 
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Fic. 29.—Relation of temperature to time of first appearance of heads of brome grass. 


efficiency of the leaves as users of water. The leaf length is used in- 
stead of actual leaf area in the data given below, since, as has been 
previously shown, it is proportional to the actual area. 
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Taste 15.—Water requirements per millimeter of leaf length of wheat and 
brome grass im type stations. 


Percent | Water requirements 
difference per pouluimeter leaf 
_ | in water ength. Physio- 
veneer require- logical 
Type. snow ments temper- 
40° F pelween = fee 
aca wheat an rome efficiency. 
brome Wheat. grass. z 
grass. 
Degrees. Grams. Grams. Index. 
Oak-prush essere tee setae ee sae tie: 2, 002 312 1.000 0. 321 2, 706. 2 
INS HEn=fiT esc sean s sao pees Be eae tice 1, 404 195 526 278 1,560.5 
SDPUCCfite ees a ea eee eteemenisecee nese eee 991 127 -407 -319 730.5 


Wheat uses nearly twice as much water per millimeter leaf length 
in the oak-brush type as in the aspen-fir type, and more than twice 
as much as in the spruce-fir type (fig. 30). In other words, water 
appears to be used most conservatively by a unit of wheat-leaf area 
in the type showing the lowest physiological temperature efficiency 
and temperature summation above 40° F., and most extravagantly 
in the type of highest temperature efliciency. Hence the curve rep-. 
resenting the water requirement of wheat and the temperature 
summation curves fall from the type lowest in elevation to that of 
highest altitude in the same general way. 

In thé case of brome grass the water requirement of the leaves is 
found to be practically the same in all types in spite of the difference 
in the climatic conditions and in the stage of development of the 
plants. The reason for this dissimilarity between the two species 
is not entirely clear, but it may be related to the fact that mountain 
brome grass does not naturally inhabit the oak-brush type, though, 
indeed, the specimens observed appeared to develop normally. 

Tn all instances a given leaf area of brome grass has a lower water 
requirement than wheat. Notwithstanding this fact, however, the 
water requirement per unit of dry matter for the plant as a whole, 
-ag previously shown, is greater for brome grass than for wheat. 
This is largely accounted for by the fact that the aerial part of 
mountain brome, grass consists essentially of leaf blades, while a 
large proportion of the aerial dry matter of wheat is made up of 
stems and heads, the transpiration from which is low as compared 
with leaf surface. This relation between the water requirements of 
leaves of the two species is further shown by the curve representing 
the water requirement per millimeter of leaf length of wheat ex- 
pressed as a percentage of the water requirement per millimeter of 
leaf length of brome grass. These percentages, which are 312 in the 
oak-brush type, 195 in the central station, and 127 in the spruce-fir 
type, indicate that wheat becomes relatively more efficient in the 
use of water as compared with brome grass as the temperature falls. 
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Furthermore, the curve representing these percentages bears an 
intimate agreement with both of the temperature summation curves. 
This increased conservatism in the use of water in wheat leaves may, 
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Fic. 30.—Water requirements per unit (1 mm.) of leaf length of brome grass and wheat. 


in a way, account for the high yielding qualities of wheat, other 


conditions remaining the same, in regions where the summers are 
relatively cool. 
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EFFECT OF EVAPORATION AND TEMPERATURE ON THE PRODUCTION OF DRY 
MATTER PER UNIT OF LEAF ARzEa. 


Quite as significant as the difference in water requirements per 
unit of leaf area in the respective types is the effect of climatic con- 
ditions on the efficiency of the leaves as manufacturing agents. This 
has been calculated for wheat and brome grass, the same specimens 
being employed as were used in deriving the water requirement data. 
The summations are given in Table 16 and in figure 31. 


TABLE 16.—Dry matter produced per millimeter of leaf length of wheat and 
brome grass in the type stations. 


D - Per cent 
ry weight. difference Brawgort Physio- 
i: in city F rion (penal 
ype. weight o emper- 
wheat and aaa ture 
Wheat Brome Drome efficiency 
grass. grass. 
Grams. Grams. cc, 

COV Ne Oy Sas sae ee Genre Lind a URN a 0.00161 0. 00040 403 4, 550. 0- 2,706. 2 
ING eM fincas Maes cece e Meee eee eienhe satel ai - 00182 - 00054 338 2,780.3 1, 560.5 
priicectin’! Sateen hake ee epee Esmee - 00136 . 00042 324 4,251.3 730.5 


Both curves in figure 31 representing the dry matter.per unit of 
leaf area show a maximum for the central type, the greatest con- 
cavity upward occurring in the curve for wheat. This species also 
shows a slightly greater production in the oak-brush type than in 
the spruce-fir type. In brome grass the reverse occurs, but in neither 
instance is the difference particularly marked. 

It is significant that the curve representing the production of dry 
matter is opposite in slope to the curve showing the evaporating 
power of the air. The data indicate that evaporation decreases the 
rate at which the leaves manufacture food material, and the simi- 
iarity in the production of dry matter in the case of both species in 
the three types may thus be accounted for by corresponding simi- 
larities in the evaporation conditions. 

Another interesting parallelism is derived by dividing the dry 
matter per unit of leaf length produced by wheat by the quantity 
produced by brome grass. In this instance the curve is seen to fall 
from the lowest to the highest type in the same general direction 
as the physiological temperature efficiency curve. ‘This apparent 
correlation between temperature and the efficiency of the leaves 
as manufacturing agents is of value, of course, only if it may be 
assumed ‘that the physiological index affords a reliable expression 
of the relation between the temperature and the plants here dealt 
with. 
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Fic. 31.—Dry matter produced by one millimeter of leaf length by brome grass and wheat 
(heads included). 
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EFFECT OF EVAPORATION AND TEMPERATURE ON THE GROWTH OF THE PLANT 
AS A WHOLE. 


It has been shown that the efficiency of the leaves, both as users of 
water and as producers of material, is much influenced by climatic 
conditions. The true significance of this fact, however, can be fully 
understood only when the development of the plant as a whole, 
including stem height, total seasonal and periodic leaf expansion, and 
similar activities, is correlated with the controlling climatic factors. 

Temperature and evaporation are, as the preceding discussion has 
shown, undoubtedly the limiting factors in the locality in which this 
investigation was conducted, and hence it is the chief aim to show 
physiological activities in relation to these factors. 


EFFECT OF EVAPORATION AND TEMPERATURE ON THE GROWTH OF WHEAT. 


Since more measurements were taken in the case of wheat than of 
the other species, wheat is here selected to show correlations between 
its development and temperature and evaporation. In this connec- 
tion it should be stated that the correlations obtained between cli- 
matic factors and growth of wheat hold generally for the other 
species employed. 

Four sets of measurements of wheat and the daily temperature and 
evaporation obtained for the period of growth concerned were 
recorded in each type station simultaneously. The data are summa- 
rized in Table 17 and platted in figure 32. 


TABLE 17.—Growth of wheat as related to evaporation and temperature in type 


stations. 
Temper- Ase 
= ge Dry Water 
Type. yebore ae stem weight | acne used per 
40° F. length. per plant. | plant 
(Ho. Mm. Grams. Mm. Grams. 
Oak-brush'. 52 3 os22s-ss-=22- 39, 563 1,789 1, 100 6. 33 3, 938 3, 949 
ING Tai eee Bogen ume penne 27, 803 1, 404 1,018 15.61 8,560 4, 499 
IS DEUCE-H hee societies 42,513 991 830 7.19 | . 5, 221 2,147 


In figure 32 the direction of slope of the graphs representing total 
leaf length and average dry weight per plant is similar, a pronounced 
convexity upward occurring in the aspen-fir association. These meas- 
urements, then, are in inverse proportion to the evaporation. On the 
other hand, no apparent correlation exists between the curves repre- 
senting the average stem length and evaporation. Since the curve of 
evaporation bears no distinct correlation to the temperature summa- 
tion curve, it would appear that the height growth, or elongation of 
the plant, is determined more by the temperature than by the evapo- 
ration, the factor which apparently determines elongation and ex- 
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Fic. 32.—Comparison between climatic factors and the growth of wheat. 
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pansion of the leaf. The curve representing the water used per plant, 
on the other hand, is more or less intermediate in slope between the 
temperature and evaporation summation curves, and it is indicated 
that the water used per plant is determined both by temperature and 
evaporation. 

The above figures are based on average measurements of 20 speci- 
mens in each type, but the data may not be adequate to justify the 
statement that leaf elongation and expansion of plants in general 
are locally, and under similar conditions, controlled more by evapo- 
ration than by temperature. Where the evaporation is especially 
high owing chiefly to factors other than high-wind movement, how- 
ever, as in the oak-brush type, the data appear to warrant the con- 
clusion that evaporation is the limiting factor in leaf expansion and 
consequently in the production of dry matter and other physio- 
logical activities of economic importance. This conclusion is fur- 
ther substantiated by the data presented in figures 30 and 31, show- 
ing on the one hand relatively high water requirement and on the 
other a correspondingly low production of dry matter in a unit of 
leaf area in the oak-brush type. The correlation between high evapo- 
ration and low production of dry matter may be explained either by 
the lack of proper turgor in the leaf cells during the long diurnal 
periods of high transpiration, or by the fact that egression of water 
molecules (noth the stomata and cells adjacent thereto is so great as 
to prevent free ingression of carbon dioxide essential to photosyn- 
thesis. 

From the lower border of the aspen-fir type (about 8,000 feet eleva- 
tion) throughout this association and in the less exposed sites of the 
spruce-fir type temperature and Graporasion may exert equal effect 
on the plant. 


EFFECT OF EVAPORATION AND TEMPERATURE ON SEASONAL MARCH OF GROWTH RATES 
OF WHEAT AND BROME GRASS.’ 


While a measure of the relation of climate to the development of 
vegetation may be integrated by summarizing the climatic data 
and recording the dry matter produced by comparable plants during 
the entire growing season, the relation may best be known through 
concrete comparisons made at more or less regular intervals through- 
out the season. This is especially true of the more elevated regions, 
where weather within a season is subject to wide variation. Even if 
the relations between plant growth and weather were known, how- 
ever, the factors affecting growth vary in a more or less unpredictable 
manner, so that the yield of a given crop could not be correctly 
judged much in advance of actual harvest. . 

Tf the assumption that leaf-expansion rate is retarded by evapora- 
tion is correct, the graph of evaporation platted period by period 
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for the season at any given station should show an opposite slope to 
the corresponding graph of leaf-expansion rate. In order to deter- 
mine whether such a relation exists, the rate of leaf expansion was 
calculated for the periods for which plant measurements were made, 
as was also the evaporation rate. 

The values of seasonal march of leaf-growth rate given in Table 
18, and graphically shown in figures 33, 34, and 35, represent average 
daily increase in length per leaf for the various culture periods. 
This quantity was obtained for each period by dividing the total leaf 


GROWING SEASON 


Physiological temperature 
CLTICIENCY 
------ Evaporerron 
ae Ione Gass 
—-— Wheat 
Fic. 33.—Periodic relation between leaf expansion, evaporation, and temperature, oak- 
brush type. E 


length produced up to the time of measurement by the total number 
of leaves, thus giving the average length per leaf. The increase in 
the average length per leaf of the plants from period to period was 
then determined by subtracting from each of the average leaf-length 
values the corresponding value of the preceding period. Since the 
periods for which measurements were taken varied somewhat in time, 
these increases, in order to make them comparable, were reduced to 
daily rates by dividing each increase in average leaf length by the 
number of days in which the increase took place. The physiological 


62 BULLETIN 700, U. S. DEPARTMENT OF AGRICULTURE. 


temperature index and the evaporation rate were also expressed as 


average daily rates in order to make these climatic factors com- 
parable to the plant measurements. The data were recorded prac- 
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tically simultaneously at about 10-day intervals in each association. 
The first measurements here recorded are for June 22—10 days after 
establishing the potometers. 


TABLE 18.—£Effect of evaporation and temperature on leaf expansion of wheat 
and brome grass in type stations at about 10-day intervals, beginning June 
22, through growing season. 


Physio- 
ayes Evapora- 
Association. Brome Wheat. sical tem- ea 
grass. perature SUMIMation 
efficiency. 2 
Mm. Mm. ce. 
Oak brushes eee coo tie eek ems es Dehn eae (0) 4.7 19.4 59.6 
Der ee saat 1.5 40.6 66.8 
-00 1.9 36.9 56.7 
2.10 Pe il 36.2 45.4 
2.50 37 PEST 37.4 
-41 .0 28.0 50.9 
ASDOnefit: S33. 28r beetle fee eile Re aa 72 5.5 13.1 40.0 
Cio 2.5 21.0 21.0 
. 64 Sol: ORO 42.1 
1.48 1.2 19.5 24.5 
1.90 at 15.6 24.0 
2.10 1.6 10.6 27.0 
Sprucesfire wish 8 Moses eas oe Ree Oe et ee 2.00 1.90 5.8 50.0 
1.10 -30 9.8 83.1 
1.90 2.40 12.5 59.6 
2.30 2.80 10.8 38.8 
6.50 2.10 7.4 30.0 
6.10 -85 Asi 49.0 
a Ee a8 IE oe en ee | 
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Fic. 35.—Relation between increments of leaf expansion rate and temperature, spruce-fir 
type. 
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The curves (figs. 83, 34, and 35) representing leaf expansion, in 
some instances at least, follow the temperature curves, but in gen- 
eral slope in opposite direction to the curves portraying the evapora- 
tion rate. Exception to the latter occurs in the case of wheat in the 
aspen-fir type; but data already presented have shown that evapora- 
tion is not a limiting factor for this plant in this type. Also it will 
be seen that growth toward the end of the season does not in all cases 
bear an inverse relation to evaporation. As an explanation of this 
fact it should be stated that the leaf growth is rapidly declining at 
that time, because of the approach of maturity of the plants. On 
the other hand, there appears to be no consistent: correlation between 
growth increments and temperatures. The agreements that do occur 
also show a direct correlation between growth and evaporation, and 
hence it may be concluded that the temperature and growth relations 
recorded are more or less incidental. 

Considering the graphs more in detail, in the case of figure 33 the 
leaf increment curves of both species in practically all instances have 
concavities opposite in direction to those of the curve representing 
the evaporation. It should be stated that no growth data were ob- 
tained for brome grass in the second period of measurements, and 
therefore the slope of the line at that point is not in agreement with 
the growth curve for wheat, nor is it in opposition to the slope of 
the evaporation curve. In the case of wheat, the leaf expansion 
curve and the evaporation values platted for the first three periods 
show inverse relation. Between the fourth and fifth periods there is 
a slight disagreement in these values, but between the fifth and sixth 
periods the leaf measurement and evaporation curves again show 
opposite trend. The leaf increment curve for brome grass, on the 
other hand, is in inverse proportion to the evaporation in all in- 
stances. 

As would be expected, where evaporation is unusually high, as in 
the oak-brush type, temperature in general is high, and these factors 
usually run more or less parallel. This being the case, it is hardly 
to be expected that the growth increments would follow the physio- 
logical temperature indices. As is well known, the growth rate in- 
creases with increase in temperature up to the optimum requirement 
of a given species. In the oak-brush type there is reason to believe 
that the temperature not uncommonly exceeds: the optimum require- 
ments of the species observed. The lack of correlation between 
growth rate and temperature in the oak-brush type, then, would 
seem to strengthen the evidence that the evaporation in that asso- 
ciation is the determining factor in the rate of elongation as well as 
ultimate expansion of the leaf. 

In figure 34, in. which similar data are given for the aspen-fir 
type, wheat, except in one instance follows the evaporation curve, 
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hence to some extent that of the temperature; while in the case of 
brome grass the leaf expansion curve slopes opposite to the evapora- 
tion curve. In the central type, the evaporation being less than in 
the lowest and the highest types (fig. 8), 1m no instance has proved a 
limiting factor for the type in question so far as concerns the physio- 
logical activities of wheat. In the case of brome grass, however, the 
contrary is true. The reason for the difference in the response of 
these species is not obvious. 

In the spruce-fir type figure 35 shows that the leaf increment 
values in the case of brome grass are in inverse proportion in every 
instance to those of evaporation.1 Hence, between the first and third 
periods, when the highest rate of evaporation occurs, is recorded the 
lowest rate of leaf expansion for the entire period; and between the 
fourth and sixth periods, which marks the lowest rate of evapora- 
tion, by far the highest growth rate is recorded. The rates of leaf 
expansion in wheat likewise show inverse relation to evaporation, 
though less pronounced than the leaf-expansion rates of brome grass, 
with the exception of the next to the last period. This disagreement, 
however, is explained by the fact that the wheat specimens were 
approaching maturity and the growth rate was, therefore, begin- 
ning to decline. 

As in previous instances, the curye showing the growth rate of 
wheat in the spruce-fir type seems to follow, in a general way, the 
daily temperature curve, but this is evidently more or less inci- 
dental. In order to determine these relations more definitely, aver- 
ages of daily leaf increment of wheat and of temperature and evapo- 
ration were computed for the season as a whole, the results of which 
are platted in figure 36. From these curves it is-evident that leaf 
increment of wheat is in inverse proportion to evaporation, no obvi- 
ous relation to temperature being shown. This relation is also found 
to hold in the case of brome grass. 

To sum up the facts regarding the relation of leaf expansion to 
evaporation and temperature: The daily rate of growth of the species 
studied, as well as the total leaf surface produced, varies inversely 
as the evaporation, except in the case of the daily rate for wheat at 
the middle station. Evaporation in the aspen-fir type is lower than 
in the types immediately above and below. Asa limiting factor the 
evaporation may be declared transitional in a sense— that is, it 
may determine growth rate periodically or seasonally in one species, 
but not distinctly so in another. Since temperature and evaporation 
are admittedly more or less interrelated, it is difficult to separate 


' 1 As previously shown, the high evaporation in the spruce-fir type is chiefly accounted 
for by high wind movement. 
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them; consequently, their individual effect on the activities of the 
plant can not be definitely declared in all instances. 
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Fig. 36.—Average daily increment in leaf expansion of wheat throughout season compared 
with evaporation and temperature in type stations. 


EFFECT OF TEMPERATURE AND EVAPORATION ON WATER REQUIREMENTS OF PLANTS. 


Since the rate of growth and production of dry matter by plants 
appear to be controlled chiefly by evaporation..and temperature, so 
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far as physical factors in the locality here dealt with are concerned, 
it appeared pertinent to determine whether or not the water require- 
ment is also correlated with the factors mentioned. The value of data 
showing the relative water requirement of different plant species has 
been demonstrated by numerous investigators. The climatic factors 
that chiefly affect the rate of dissipation of water through transpira- 
tion, on the other hand, have until very recently received relatively 
little attention, although such researches would appear to be of pro- 
found economic importance. If it were known, for instance, that in 
a region of limited rainfall the evaporation was largely responsible 
for the high transpirational demand and consequently the high water 
requirement of a given plant, habitats might be selected where vegeta- 
tion, natural barriers, or other features would afford protection 
against excessive evaporation. Likewise, if temperature were the 
factor determining the water requirement, cool north and east slopes, 
or possibly partially shaded sites might be selected at least at lower 
elevations and failure of crop production thus avoided. 

In order to determine the relation of water requirement of these 
plants to evaporation and temperature in the type stations, the water 
used per unit of dry matter by wheat, peas, and brome grass, through 
practically the entire growing season, was divided by the evaporation 
for the corresponding period. Tabular and graphic presentation of 
the results follows. 


Tasre 19.—Effect of temperature and evaporation on water requirements of 
plants grown in type stations. 


] 
' Physio- Water re- | Evapora- 
- ogical tem-| quirement | tion for W. R. 
Type. Species. perature | perunit | period of | pw. 
efficiency. jary matter.) growth. : 
Grams. (OG. 

OakabnUSie eins acc castles < BWihteaire fasta eco cS ere 626 0.158 
IReAS sae eee oes ae Pe ete 2,473.7 779 3,956.3 | .197 

IBEOME} SEAS eae a ee 803 . 203 

| 

ASCH Hiern eee oso satel WWiheataencser secsiccecee-me | 288 104 
IRGAS Seer eee aeaee eee es 1,560.3 368 2, 780:3 | 132 

ISTOMC TASS E rere ones i 516 . 186 

SPLUCG Tee see oon ccicee Wheat .....- Be ie eae wes) 300 071 
PEAS Tse maar PS oe Oe 730.5 345 4,251.3 081 

IBTOMIC ORASS eer se) fee i 756 | 178 


As has been shown in previous graphs, the physiological tempera- 
ture efficiency is highest in the oak-brush type, the curve dropping 
in practically a straight line to the central and highest types. The 
quotients of the values derived by dividing the water requirement 
per unit weight of dry matter for the respective types by the evapo- 


W. RR. 
ration for each period (O) when platted (fig. 37) are hkewise 
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found to be highest in the oak-brush type, intermediate in the aspen- 
fir type, and lowest in the spruce-fir type, the curves in the case of 


each species following in a general way the physiological tempera- 
ture indices. 


Qak-bLrush eo Vie PEN -F Ik 3 Sprucetir 
— Shysiological temperature 
eff IClENe 
~-—- Brome-grass “* 
=9==e SES “ 


ee -Wheat e 


Fic. 37.—Relation of the quotient of water requirement and evaporation (Gee) to 
phe temperature. E, 


On the basis of the agreements shown, it may be concluded that 
the water requirement of these plants is determined largely by 
evaporation and temperature. Hence it is evident that in localities 
of limited rainfall, high evaporation, and high temperature values, 
agricultural pursuits, even where the most drought-resistant species 
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may be economically employed, should be confined to soils of high 
_water-holding capacity and subject to minimum run-off, so that the 
soil may return to the plant a high percentage of the rainfall. 


SUMMARY. 


The data reported, pertaining as they do (A) to the climatic 
characteristics of three distinct vegetative associations, (B) to com- 
parative instrumentation and methods of summarizing and express- 
ing climatic factors, and (C) to correlations between environmental 
factors and plant growth and other physiological activities, may best 
be summarized under three heads. 


A. CLIMATIC CHARACTERISTICS OF THE PLANT ASSOCIATIONS. 


1. The mean annual temperature increases gradually from the 
highest to the lowest type, and this results in the longest growing 
season in the Jowest type and a gradual decrease in the period of 
growth with increase in elevation. Thus from the time of the begin- 
ning of growth to the occurrence of killing frosts there are about 
120 days in the oak-brush type, 105 in the aspen-fir type, and 70 
in the spruce-fir type. 

2. The normal annual precipitation is greatest in the aspen-fir 
association but is only slightly heavier in this association than in the 
spruce-fir. Less than half as much precipitation is recorded in the 
sagebrush-rabbit-brush as in the aspen-fir association; and in the 
oak-brush type it is only shghtly greater than in the sagebrush- 
rabbit-brush type. The precipitation is rather uniformly distributed 
throughout the year. 

3. Of the three associations critically studied, the evaporation dur- 
ing the main growing season is greatest in the oak-brush type; but 
owing to high wind velocity in the spruce-fir type the evaporation 
is nearly as great as in the oak-brush type. In the aspen-fir type 
the evaporation factor is notably less than in the types immediately 
~ above and below. This is accounted for largely by the lack of high 
wind velocity, which is due to the luxuriant vegetation and to topo- 
graphic features. 

4. The wind movement is greater by about 100 per cent in the 
spruce-fir association than in the types immediately below. Not un- 
commonly the velocity of the wind exceeds 40 miles per hour for sey- 
eral hours in succession. In the lower types the velocity averages 
slightly less than half that recorded in the spruce-fir type. 

5. Sunshine duration and intensity are practically the same in all 
types studied. 

6. There is considerable difference in barometric pressure in the 
respective types, but the daily seasonal fluctuations within a station 
are slight. 
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B. COMPARATIVE INSTRUMENTATION AND METHODS OF SUMMARIZING EXPRES- 
SIVE CLIMATIC FACTORS. 


1. Temperature summations on a physiological basis according to 
the Lehenbauer plan have shown much promise in correlating air 
temperature with physiological plant activities. The summation of 
the effective temperature, namely, the temperature above 40° F., as 
proposed by Merriam, also appears to have much promise. This 
method in general compares favorably with temperature summations 
made on the physiological (Lehenbauer) basis. 

2. Summations of average daily mean and seasonal mean tempera- 
tures appear to have little value in showing correlations between 
the factor in question and physiological activities in plants. 

3. The evaporation for short periods, such as a part of a day or a 
fractional part of a week, for example, when compared with relative 
humidity, temperature, and wind velocity, can be obtained more 
accurately by means of the porous cup atmometer than by the free 
water surface evaporimeter of the Weather Bureau pattern. For 
periods of a week or longer either instrument will serve. 

4, In recording sunshine as related to plant activities, both dura- 
tion and intensity should be considered. Such records can be ob- 
tained approximately by noting the difference in evaporation between 
similarly ‘exposed black and white porous cup atmometers. These 
instruments appear to have some advantages over the Marvin sun- 
shine recorder, which furnishes a record only of sunshine duration. 


C. CORRELATIONS BETWEEN ENVIRONMENTAL FACTORS AND PLANT GROWTH. 


1. Lack of uniformity in the fertility and, of course, in the tex- 
ture of the soil in which the plants are grown may cause consider- 
able variation in their water requirements and in the total dry mat- 
ter produced. Soil collected within a restricted habitat often varies 
considerably in productivity, and unless thoroughly mixed may 
become an important source of error in experimentation. 

2. The total effective heat units and length of growing season in 
the three types studied are such that only in the lowest association 
do crops like wheat and peas reach full maturity. Hence, farmers 
should not attempt locally to grow the ordinary agricultural crops, 
such as cereals, above an elevation of about 8,000 feet. The eleva- 
tion at which there are normally sufficient heat units to develop and 
mature cereal crops in general varies, of course, with the latitude 
and longitude. 

3. The rate of maturity of the plants decreases directly as the 
effective heat units decrease, as is the case in passing from the lowest 
to the highest type. This decrease in the rate of maturity of the 
plant in the type stations may be shown, up to a certain point, at. 
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least, by the difference between the water requirements of the aerial 
parts of the plants, including the fruit or seeds (such as the heads 
of wheat), and of the aerial portion without the seeds, the specimens 
with the best developed seeds, of course, ASE the highest water 
requirements. 

4, The water requirement for the production of a unit weight of 
dry matter is greatest in the oak-brush type, lowest in the aspen-fir 
type, and intermediate in the spruce-fir type. These relations coin- 
cide with the relative intensities of the evaporation. 

5. In the case of all species employed, the total, and, indeed, the 
average leaf length and total dry weight produced are notably great- 
est in the aspen-fir association, these activities being rather similar 
in the spruce-fir and oak-brush types. The decreased production in 
leaf length and the production of dry matter in the respective types 
are in direct proportion to the evaporation. 

6. The elongation of the stem is greatest in the oak-brush type, in- 
termediate in the central type, and least in the aspen-fir type. Thus 
stem elongation appears to be determined largely by temperature and 
seems to be little influenced by the intensity of the evaporation. . 

7. The efficiency of the leaves per unit area as manufacturing 
agents—that is, in the production of dry matter, appears to vary 
inversely with the evaporation, though, indeed, temperature appears 
to be one of the important factors. The largest amount of dry mat- 
ter per unit of leaf area is produced in the aspen-fir type and the 
least in the oak-brush type, while in the spruce-fir type, where the 
evaporation is only slightly less intensive than in the oak-brush 
type, the dry matter produced is only slightly greater than in the 
oak-brush type. 


CONCLUSIONS. 


From the study here reported, it may be concluded that in this 
locality Kubanka wheat and Canadian field peas, and doubtless 
other agricultural crops, can not be grown profitably at elevations 
exceeding about, 8,000 feet because of the lack of sufficient heat. As 
has been shown by the crop production ef the region, enough heat 
units were produced in the seasons studied up to an altitude of about 
§,000 feet, which includes most of the oak-brush type, to mature 
wheat, peas, and certain other crops. The amount of precipitation 
received at an elevation of 8,000 feet and lower, however, was below 
the requirements of crop production, indicating that the lands must 
either be irrigated or the moisture conserved by thorough summer 
fallowing. The native forage crop produced in the oak-brush type, 
on the other hand, is fairly luxuriant, and if properly utilized will 
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continue to be of high value in the pasturing of live stock. On the 
more favorable sites from the oak-brush up to and including the 
spruce-fir association, lands which have been overgrazed and are not 
fully stocked with vegetation may be increased in forage production 
by the seeding of suitable plants, preferably native species.1 

Since evaporation is apparently the chief factor limiting growth — 
and development of plants in the oak-brush and spruce-fir types, 
the extension of agriculture and forestry should be limited to lands 
protected from excessive evaporation. This may be done by select- 
ing sites that are more or less protected by native vegetation and 
. natural obstacles. Failures in experimental plantings, in most in- 
stances, have occurred on wind-swept lands where the soil moisture 
becomes deficient early in the season. In the selection of species, 
either of herbaceous or of woody plants, only the most drought re- 
sistant sorts should be used. Failures in the case of the planting of 
suitable timber species in the central (aspen-fir) type will probably 
seldom be caused by adverse climatic conditions. Failures in this 
type may generally be traced to the employment of unsuitable stock, 
or to bad workmanship, wrong season of planting, or other pre- 
ventable causes. : 


1 Sampson;-Arthur W. Natural revegetation of range lands based upon growth re- 
quirements and life history of the vegetation. Journ. of Agr. Research, Vol. III, No. 2, 
1914. 
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